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MODERN ENGINEERING 


by Charles N. Gaylord 


Television, telephones, synthetic tex- 
tiles, air conditioning, and fluorescent light- 
ing are a few of the many modern develop- 
ments we enjoy and take for granted. Many 
people fail to realize that engineers were in 
large part responsible for such advances. 
The members of the engineering profession 
are continually developing methods, mate- 
rials, and entire systems so that we may 
freely avail ourselves of comforts and con- 
veniences that did not even exist a genera- 
tion or two ago. 

It is difficult to find a definition of engi- 
neering upon which all authorities will 
agree. It will suffice, perhaps, to point out 
that the engineer makes practical use of a 
knowledge of mathematics and the natural 
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sciences—particularly physics and chemis- 
try—and that, as a result, the materials and 
forces supplied by nature are made to serve 
people. In addition to a solid background in 
mathematics, physics, and chemistry, an 
engineer must have imagination, ingenuity, 
and sound judgment if he or she is to 
design a structure or machine that will be 
economical, durable, safe, and attractive. 
There is a definite distinction between 
science and engineering. The scientist is 
usually interested only in extending knowl- 
edge of some aspect of the natural world. 
Scientists want to know why things happen, 
but are not necessarily interested in useful 
applications of their discoveries. They 
usually do not create a product such as a 
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ste urbine electric generating unit. 
Their ideas and concepts are their prod- 
uc Scientists isolate new chemical ele- 
m explore the atom, and make discov- 
eri ı fields such as dietetics and thermo- 
dynamics. They seek answers to questions 
concerning space, and nuclear physics. 

igineers, on the other hand, are con- 
cerned with the intelligent application of 
scientific knowledge to the solution of tech- 
nical problems. They want to know not 


only why and how things work, but also 
how they can be made to work better and 
more economically. Engineers must be 
cost-conscious, because projects are con- 
sidered practical only if each dollar in- 
vested yields a satisfactory return. Fur- 
thermore, the engineer has a definite re- 
sponsibility for public safety. 

z All this does not mean that there is an 
impenetrable wall between science and en- 
gineering. As a matter of fact, engineers 
and scientists often work together in the 
first stages of the applications of new dis- 
coveries. 


MAJOR ENGINEERING FIELDS 


In the preceding paragraphs, we have 
shown how the scope of engineering has 
been widened to keep pace with new dis- 
coveries in science and technology. At the 
present time, the profession is broadly clas- 
sified under seven general fields: (1) aero- 
nautical engineering; (2) chemical engineer- 
ing; (3) civil engineering; (4) electrical engi- 
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neering; (5) mechanical engineering; (6) 
mining, metallurgical, and petroleum engi- 
neering; and (7) nuclear engineering. These 
fields are not separate and distinct, but 
overlap and merge at many points. 


AERONAUTICAL ENGINEERING 


This branch deals primarily with the 
special problems of flight of manned and 
unmanned vehicles—fixed-wing aircraft, 
helicopters, ballistic missiles, guided mis- 
siles, and space vehicles. 

Aeronautical engineers are concerned 
with the lift force that sustains an aircraft in 
flight, the drag force resisting flight, and the 
thrust from the power plant necessary to 
overcome the drag force. They consider 
gust loads, which are encountered during a 
flight when a plane meets a vertical current 
of air. They also take into account impact 
loads produced, in landing operations, upon 
the landing gears of land planes and the hull 
bottoms or pontoons of sea planes. Flights 
at very high velocities involve special 
problems; among other things, they cause 
the drag force to increase because of the 
formation of shock waves. The air vehicle 
is designed so as to ensure stability and 
control under all these conditions. 

Many complex problems involving 
structure must be solved. If the fuselage or 
wing of an aircraft is deformed to even a 
small extent in flight, there may be such 
drastic changes in the aerodynamic forces 
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acting on the craft that sustained flight will 
become impossible. The engineer must 
design a structure that will have maximum 
strength as well as minimum weight. 

The flight testing of aircraft must be 
carefully and thoroughly planned and con- 
ducted. Engineers design, develop, and in- 
stall test equipment. They direct tests, in- 
terpret their results, and then write reports, 
suggesting design changes, if needed. 


CHEMICAL ENGINEERING 


Chemical engineers transform the dis- 
coveries of the chemical laboratory into 
useful commercial products. They create 
new materials and find new uses for old 
ones. They also develop new manufac- 
turing processes. 

Chemical engineering serves both the 
chemical industry and the different chem- 
ical-process industries. There is a basic 
difference between the two groups. The 
chemical industry is concerned primarily 
with the manufacture of chemicals, such as 
acids, alkalies, salts, explosives, and syn- 
thetic detergents. In the chemical-process 
industries, the ultimate product is not 
thought of as a chemical. Raw materials 
have been basically altered through both 
physical and chemical changes to produce 
industrial products such as Paper, glass, 
paint, and high-octane gasoline. 

Chemical engineers have created pre- 
servatives which prevent the growth of 
fungi in timber. They have developed 
bottled gas, which has a heat value two or 
three times that of natural gas, and have 
made it available for industrial and domes- 
tic purposes. At the oil refinery, they 
produce gasoline, kerosene, fuel oils, and 
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The 121 Xingu turboprop. 
Air is drawn in, com- 
Pressed, injected with 
fuel, and ignited. The 
combustion gases turn 
the turbine wheels, which 
spin the propellers. 
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lubricating oils from petroleum. From what 
remains of the petroleum, engineers direct 
the manufacture of candle wax, paraffin, 
petrolatum, and coke. They have devel- 
oped reliable explosives such as cordite, 
TNT, PETN, RDX, and the amatols. 

Major contributions to the meat-pack- 
ing, food-preparation, and canning indus- 
tries have been made by chemical engi- 
neers. They have produced fertilizers, glue, 
and cleaning powders from the wastes of 
the meat-packing operation. The manufac- 
ture of artificial food products, such as mar- 
garine and various flavoring extracts, has 
advanced rapidly because of new processes 
developed by chemical engineers. They 
have greatly increased the output of the 
canning industry by preparing chemical 
preservatives to maintain the natural color 
and flavor of foods. 

Chemical engineers have created plas- 
tics such as Bakelite, cellulose acetate, 
vinyl resin, phenolic resin, and Plexiglas, 
and have contributed to the economical 
manufacture of such varied products as 
drugs and medicines, cosmetics, perfumes 
and toilet preparations, paints, pigments, 
varnishes, and lacquers. 

The accomplishments of chemical en- 
gineering are impressive indeed. Very like- 
ly, more basic research has been carried 
on in this area than in any other major field 
of engineering. 


CIVIL ENGINEERING 


The scope of civil engineering is wider 
than that of any other branch of the engi- 
neering profession. It embraces the con- 
struction of buildings, roads, and bridges; 
soil mechanics and foundations; water 


»wer and irrigation; sanitation; and 
iansportation—in short, activities that 
ve to do primarily with man’s environ- 
ment. Because of the wide range of such ac- 
t civil engineers usually specialize in 
rticular field of interest within the major 
inch, It would take several lifetimes of 
y to be proficient in all aspects of this 
ch. 
Civil engineers design bridges, build- 
ings, transmission towers, storage vessels, 
dams, stadia, retaining walls, tunnels, 
docks, wharves, and other structures. The 
first and often the most difficult problem in 
projects is to develop a plan that will 
k possible for a given structure to ful- 
fill effectively the purpose for which it is 
built. Suppose, for example, that engineers 
are going to construct a highway bridge. It 
is not enough merely to span a river or a 
nyon. It is necessary to design the 
approaches to the bridge, the roadway 
grade, and the alignment in such a way as to 
best accommodate the expected traffic. If 
the bridge is to be over a navigable stream, 
the engineers have to plan for the necessary 
clearance, so that riverborne craft will be 
able to pass under it. They must consider 
other factors in designing the bridge— 
for example, the external and internal 
forces to which the bridge will be subjec- 
ted—and then work out the proportions of 
the structural members, select the materi- 
als for the bridge, and decide upon the 
method of construction to be employed. 

The construction engineer who super- 
vises the erection of a huge plant or sky- 
scraper has to organize and manage a con- 
struction force, order materials and equip- 
ment, and determine the methods of doing 
the work. He has to be able to interpret 
specifications. He must know the safe and 
economical procedures for erecting tall 
steel structures, placing concrete, excavat- 
ing and moving large quantities of earth, 
and driving piles. 

Civil engineers plan, design, and con- 
struct water-supply systems, consisting of 
dams, aqueducts, wells, treatment plants, 
and pipelines. They provide sanitary sys- 
tems to collect, treat, and dispose of house- 
hold and industrial wastes. 


US, Bureau of Reclamation 
The parts of a water-powered generator are being 
assembled at Grand Coulee Dam in Washington. 


The field of transportation offers the 
civil engineer wide scope. This field is con- 
cerned with highway and street systems, 
railroad right of way, canals, pipelines, and 
airports. 

It requires an advanced knowledge of 
engineering to locate, design, and construct 
highways so that they will meet the needs 
of increasing traffic volume and speed de- 
mands. Civil engineers make surveys of the 
starting points and destinations of the 
vehicles that will use the highway, study 
prospective traffic conditions, and take into 
account intersections with other roads. 
After all these preliminaries are completed, 
they must construct a highway that will not 
only be useful but also pleasing in appear- 
ance. Last, but by no means least, they 
must provide for efficient maintenance after 
the highway is built. 

Civil engineers have an important role 
in transportation by air. Their duties are to 
provide adequate aircraft-terminal facilities 
and to plan for ground transportation be- 
tween the airports of cities and their busi- 
ness and industrial areas. 
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Nuclear-power plant, Diablo Canyon, California. 


NUCLEAR ENGINEERING 


The field of nuclear power requires the 
services of the nuclear engineer. These en- 
gineers design and build nuclear reactors in 
which atomic fission takes place. The 
reactor has to withstand the terrific quan- 
tities of energy released in nuclear reac- 
tions and the heat that these reactions 
produce. It must also have built-in safety 
features to protect workers and the general 
public from the deadly effects of atomic 
radiation. 


ELECTRICAL ENGINEERING 


There are two main branches of elec- 
trical engineering. One is concerned with 
the generation of electricity to meet the 
power and light needs of cities and indus- 
tries. The other covers the application of 
small amounts of power for communication 
and various other purposes. 

Electrical engineers design the equip- 
ment necessary for power generation and 
transmission, such as switches, conductors, 
circuit breakers, relays, controls, insula- 
tors, bus bars, and lightning protectors. 
They must solve the problem of providing 
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more and cheaper electricity. They have to 
build larger generators to convert the me- 
chanical energy of a rotating unit into elec- 
trical energy. They must transport this 
energy economically over longer distances. 

Illumination has become a very impor- 
tant field of electrical engineering. It in- 
cludes the design and manufacture of 
light sources and reflecting media, and the 
planning and installation of lighting sys- 
tems. Electrical engineers are concerned 
with the lighting of homes, department 
stores, and industrial plants. They also 
design floodlighting for airports and recre- 
ational areas, special lighting for streets and 
highways, and decorative lighting in public 
buildings and exhibitions. 

Electrical engineers also play an im- 
portant part in the field of transportation. 
They are concerned with power-supply sys- 
tems for railroads and subways as well as 
with electrical signaling systems. They also 
design electrical systems for automobiles 
and airplanes. 

Modern advances in telegraphic and 
telephonic communication have been due 
to the electrical engineer. Among the most 
notable contributions in telephony has been 


development of direct long-distance 
iling, inaugurated in 1951. 

One of the most rapidly expanding 
eas in electrical engineering is the field of 
electronics. Everyone knows about such 

tronic developments as radio, televi- 
and radar. Electronic devices have 
al sen used for precise measuring equip- 
ment, computers, and navigational systems 
for guided missles. They have played an 
f; nportant role in automation. They 
have made possible the remote control of 
atomic power reactors. 

They have also been instrumental in 
the rise of an exciting new field of as- 
tı my—radio astronomy. It is based on 
tl 
t 


} dio telescope, an electronic device 
hat receives radio-frequency waves origin- 
at in the far reaches of our own galaxy 
and beyond. The radio telescope has en- 
abled the astronomer to map previously 


u urted regions of the skies and has 
pr led new insight into the problem of 
the evolution of the stars and other heaven- 
ly bodies. Radio telescopes with a diameter 
of over 100 meters have been constructed 
by engineers with imagination and ingenu- 


ity as well as technical knowledge. 
MECHANICAL ENGINEERING 


This branch of the profession has to do 
with the design and manufacture of all 
kinds of machines, ranging from extremely 
delicate instruments to locomotives and 


railroad cars. It is also concerned with the 
design and operation of industrial units 
such as power plants. 

Mechanical engineers who specialize 
in the field of machine design develop and 
construct machines to fulfill particular 
needs. They must have a knowledge of past 
developments and the ingenuity to produce 
new combinations of old machine parts and 
the inventiveness to develop new parts. 
They must understand how a given ma- 
chine is to used and must be able to es- 
timate its probable cost and the length of 
time required for its construction. Engi- 
neers select the material to be used and the 
equipment necessary for its manufacture 
and then supervise the construction of the 
machine and arrange a testing program on 
its performance. 

An important task of modern mechani- 
cal engineers is to develop complete air- 
conditioning systems. Some of these will 
provide comfort in buildings, homes, buses, 
railway coaches, automobiles, and aircraft. 
Others will serve industrial purposes in 
storage, textile manufacture, and printing. 
Mechanical engineers are also responsible 
for refrigerating systems used in restau- 
rants, hotels, and markets. They design and 
build refrigerator cars and trucks for the 
transportation of perishable products under 
controlled temperatures. 

They work with the architect in design- 
ing and installing proper heating systems in 


The electrical circuits of an air-control panel are complicated. 
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United Technologies 
The glass-enclosed escalator at the Pompidou Art 
Center in Paris is the product of modern me- 
chanical engineering and architecture. 


buildings and industrial plants. A given sys- 
tem must maintain the desired inside 
temperature under the most unfavorable 
weather conditions. Hence the designers 
must consider such factors as exposure to 
wind, heat loss due to ventilation, and the 
difference between the daily maximum and 
minimum temperatures. They have to take 
into account the length of time a building 
will be occupied daily. The fact that we 
take adequate heating so much for granted 
is a tribute to the success of mechanical en- 
gineers in this field. 

Transportation enlists the services of 
mechanical engineers. They design and 
build automobiles, trucks, buses, locomo- 
tives, freight cars, passenger coaches, 
ocean liners, freighters, and aircraft. They 
also are responsible for their power 
plants—gasoline engines for automobiles; 
diesel engines for trucks, buses, and loco- 
motives; gas turbines for high-speed jet 
engines. Mechanical engineers also design 
and install elevators and escalators for ver- 
tical transportation in buildings. They are 
concerned, likewise, with conveyer belts 
and other material-handling equipment in 
factories, 

They design the engines that run elec- 
tric generators in stationary power 
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plants—engines such as steam turbines, 
hydraulic turbines, internal combustion 
engines, and gas turbines. Improvements in 
such machines as well as the development 
of more efficient boilers and generators 
have kept the cost of electricity down. This 
has raised the standard of living, since in- 
dustry can use more power to do more 
work. 

Industrial management is an important 
branch of mechanical engineering. People 
specializing in this field are called indus- 
trial engineers. They analyze production 
methods, study wage-incentive systems, 
employee welfare projects, and labor- 
management relations. They make recom- 
mendations for plant layout and for the 
purchase of materials. 

Mechanical engineers play a vital role 
in the most advanced phases of modern 
technology. They have found practical 
applications for ultrasonic high-frequency 
waves. They have designed handling and 
protective equipment for use in nuclear re- 
actors, and they are concerned with power 
units of guided missiles and rockets. 


MINING, METALLURGICAL, AND PETROLEUM 
ENGINEERING 


Engineers specializing in these three 
fields have long been closely associated. 
Mining and petroleum engineers search for 
and extract minerals and are concerned 
with the conservation of mineral re- 
sources. Metallurgical engineers deal with 
the production of metals from ores and 
their processing into raw materials for in- 
dustrial purposes or into products for con- 
sumer use. 

Mining and petroleum engineers 
search the areas where petroleum, coal, and 
other mineral deposits may be located. To 
obtain the necessary information, they 
use gravimeters, magnetometers, Geiger 
counters, sound waves, specially designed 
cameras, and a host of other devices. After 
they have located a deposit, they have to 
decide whether it can be worked profitably. 
They must take into consideration the cost 
of mine structures, the handling of materi- 
als, the availability of power, the accessi- 
bility to market, and the labor supply. 


Once it has been decided that a depos- 
it can be economically extracted from the 
ground, the engineer chooses a mining 
method. Wells are drilled to obtain petrole- 
um, natural gas, and materials such as sul- 
fur. which can be brought to the surface in 
a molten state through the injection of 
superheated water. 

Vertical or inclined shafts may have to 

be sunk to reach deep-lying deposits. Min- 
ing engineers must decide upon the size and 
shape of the shaft. They must keep future 
requirements in mind, because materials 
extracted from the mine will have to be 
sed up the shaft. They have to plan 
ully a support system to prevent the 
roof from caving in as more and more ore 
is removed. The supports may be pillars of 
ore left in place for this purpose. They 
may consist of timber, or rock bolts, or 
steel sets made up of steel beams, steel 
ar and concrete. 
Mining engineers have many other re- 
sponsibilities. They must design and build 
special machinery for the use of miners and 
a transportation system to move men, 
supplies, and materials economically within 
the mine. They have to install ventilation 
equipment. They are responsible, too, for 
the many safety precautions that must be 
carried out in the mine. They must arrange 
for the detection and removal of harmful 
mine gases, such as carbon dioxide, hydro- 
gen sulfide, methane, carbon monoxide, 
and sulfur dioxide. They must suppress 
dust within the mine. They also have to 
control water seeping into mine openings. 
This may require drainage works. 

There are three kinds of metallurgical 
engineers. The extraction or production 
metallurgist extracts the metal from its ore 
and then refines it and prepares it for com- 
mercial use. The fabrication metallurgist 
converts raw metals into various shapes, 
such as wire, rails, sheets, beams, and gird- 
ers. The physical metallurgist studies the 
structure and properties of metals and 
alloys. He investigates the causes of cor- 
rosion and the effects of heat on physical 
properties. He also develops methods of 
treatment to increase the strength and 
ductility of metals. 


Tenneco 


Mechanical engineers and petroleum engineers 
worked together to produce this offshore oil- 
drilling rig. 


FUNCTIONS 


Engineers perform a variety of func- 
tions within the different branches of their 
profession. They may engage in (1) ad- 
ministration; (2) planning and design; (3) 
operation and production; (4) construc- 
tion and installation; (5) research and de- 
velopment; (6) sales; (7) consulting; (8) 
teaching. 

Administration. Engineers with a broad 
education and a high degree of administra- 
tive ability gradually move up to adminis- 
trative or management positions. 

Planning and designing. The planning 
and design of machines, structures, and 
processes demand the very highest type of 
engineering ability. Design engineers have 
to have a practical background as well as 
excellent training in theory. They must 
know the properties of engineering materi- 
als. They must be familiar with manufac- 
turing processes in machine design and 
with construction methods in structural 
design. Above all, they have to be able to 
visualize a project as a whole. 

Operation and production. The engineer 
in charge of operation and production is 
constantly seeking ways of reducing costs 
and of improving the product or service. 
He or she introduces new manufacturing 


MODERN ENGINEERING 


10 


procedures as required, and is concerned 
with transportation and communication 
systems and power plants. 

Construction and installation. The con- 
struction or installation engineer is one 
who, by training and experience, is capable 
of interpreting the plans and specifications 
prepared by the designer and turning them 
into reality. He or she supervises all the 
trades that take part in the construction or 
installation operation, checks the quality 
and quantity of production, orders materi- 
als and equipment, approves payrolls, and 
guards against accidents. A construction 
engineer must get along with and direct 
other workers. He or she must be able to 
reach decisions quickly and must have an 
understanding of costs and efficiency. 

Research and development. The re- 
search engineer has made priceless con- 
tributions to modern industry. Research 
may result in new materials, such as rayon, 
nylon, Dacron, Orlon, and other synthetic 
fabrics. It may bring about the develop- 
ment of automatic machines such as those 
introduced in the automobile industry— 
devices that convert rough-cast engine 
blocks into finished blocks, bored, reamed, 
and ready for assembly. Research may 
also lead to new knowledge, such as the 
development of molecular engineering, by 


means of which man can make a given ma- 
terial to order. 
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The East Building of the National Gallery, Washington, D.C. represents the latest in 
modern architecture and engineering. 


Sales. Construction materials and 
equipment, lubricants, and machinery are 
just a few products which must be sold by 
men with training in engineering. Their 
technical knowledge helps clients solve the 
many complex problems that arise in the 
use of manufactured goods and services. 
In addition to a sound technical training, 
sales engineers must possess the knack of 
making people like and trust them. 

Consulting. A consulting engineer sells 
his or her services and technical advice to 
a company, an industry, a political sub- 
division, an architect, or another engineer. 
A sound technical training and many years 
of specialized experience are required. 

Teaching. The teaching of engineering 
is a rewarding profession. It is generally 
combined with creative professional work 
in research and consulting. Engineering 
teachers continue to be students. As they 
mature, they turn their efforts to more ad- 
vanced work and to new developments in 
a particular field. Most of our eminent en- 
gineering teachers are also distinguished 
engineers. 

In addition to qualified engineers, 
there are a great number of engineering 
aides and technicians, and the need for 
them is increasing. Generally speaking, 
they perform the operations for which a 
complete engineering education is not 
required. 


HISTORY 


Engineering is as old as civilization, 
though the name itself was not employed 
| the Middle Ages. 


SIENT TIMES 


Five thousand years ago, Egyptian 
kings and their master builders planned and 
cted the construction of great temples 
and pyramids. The Greek historian Herod- 
otus relates that 100,000 men were em- 
yed for twenty years to build the Great 
Pyramid of Gizeh. This structure, 145 
meters in height, is still standing. In erect- 
ing it, the Egyptians are said to have had 

ly three labor-saving devices: the lever, 
inclined plane, and the wedge. Authori- 
ties estimate that some 2,250,000 blocks of 
stone, weighing approximately 2.25 metric 
tons each, had to be quarried, transported, 
and placed to complete the Great Pyramid. 
The Egyptians developed extensive irriga- 
tion systems and built many canals. One of 
the latter connected the Mediterranean 
with the Red Sea and was the forerunner of 
the Suez Canal. 

The Greeks also made dramatic con- 
tributions to engineering. They were the 
first great harbor builders. They set up 
rather elaborate water-supply systems, 
constructed - aqueducts by tunneling 
through small mountains, developed city 


The Roman aqueduct at Segovia, Spain. 


planning, and advanced the art of building 
by strengthening stonework with iron rein- 
forcement. They designed and erected 
many temples, which were sturdy and 
beautiful. Outstanding among Greek engi- 
neers was the great mathematician and 
physicist Archimedes, who lived during the 
third century B.C. Renowned for his con- 
tributions to mathematics and pure physics, 
he also made practical applications of sci- 
entific principles. He invented the Archi- 
medean screw, a compound-lever device 
for hauling boats, and military engines. 

The Romans imported most of their 
technical knowledge from the Greeks and, 
to a lesser extent, from the Etruscans. They 
showed a strong sense of economy and ef- 
ficiency. They were great road builders. 
They also constructed aqueducts and 
bridges all over the ancient world. 


MIDDLE AGES 


The Middle Ages are often repre- 
sented as a period of intellectual stagnation, 
yet there were some important engineering 
developments during that time. One of the 
outstanding ones was the use of gunpowder 
to fire projectiles set in metal tubes—that 
is, a cannon. This innovation, dating from 
the fourteenth century, brought about a 
revolution in warfare and aroused renewed 
interest in egineering. Many problems had 
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to be solved before these primitive weap- 
ons became effective. Range and elevation 
had to be studied. The casting of cannon in- 
volved the control of metallurgical opera- 
tions. Military engineers won wide recogni- 
tion during the period. They were the first 
to bear the title of engineer, a word derived 
from the Latin ingenium, meaning “mental 
power” or “invention”. 

The people of the Middle Ages made 
other contributions to technology, or ap- 
plied science. They erected lofty cathe- 
drals, built quite effective water-driven 
mills and windmills, and set up extensive 
textile manufactures. A notable techno- 
logical advance was the invention of print- 
ing from movable type about the middle of 
the fifteenth century. 


RENAISSANCE 


The Renaissance, which began in Italy 
in the fifteenth century and spread through- 
out Western Europe, saw a great boom in 
applied mechanics. The Italians won partic- 
ular fame at this time as military engineers. 
When the universal 15th-century genius 
Leonardo da Vinci offered his services to 
the Duke of Milan, he set down among his 
qualifications his knowledge of fifteen dif- 
ferent branches of military engineering. 
Leonardo, in truth, was a great engineer. 
He built fortresses, cannon, bridges, har- 
bors, irrigation works, water wheels, and 
locks. Buried among his notebooks were 
descriptions of many devices, such as 
helicopters, parachutes, and submarines, 
that would have seemed utterly fantastic in 
his own day, Another important name in 
technology in the Renaissance was the 
16th-century engineer Georg Bauer, better 
known as Georgius Agricola—the Lat- 
inized version of his name. His treatise 
Concerning Metals covers all phases of 
mining and metallurgy, including ore pros- 
pecting, the building of mine equipment, 
and the assaying and smelting of ores. 


MODERN TIMES 
Certain great men of science who 
flourished in the seventeenth cen- 


tury—Galileo Galilei, Blaise Pascal, Rob- 
ert Boyle, Robert Hooke, and Sir Isaac 


MODERN ENGINEERING 


Newton, to mention only a few—con- 
tributed to the advance of engineering by 
their discoveries in the field of mechanics. 
Among these contributions were Galileo’s 
law of inertia; Pascal’s law concerning the 
pressure transmitted by a confined fluid; 
Boyle’s law concerning the volume of 
gases; Hooke’s law of elasticity; and New- 
ton’s laws of motion. 

It was particularly under French lead- 
ership in the seventeenth and eighteenth 
centuries that the art of engineering was ex- 
panded and the science of engineering was 
born. The French established a National 
Highway Departmennt in 1716. In 1747, 
they founded the first civil engineering 
school, the famous Ecole des ponts et 
chaussées (School for the Construction of 
Bridges and Highways). Henri Pitot, build- 
er of the Montpelier aqueduct and inventor 
of the Pitot tube, pioneered in hydraulics, 
Antoine de Chézy proposed the basic and 
widely used equation for flow in open 
channels, Other contributions to me- 
chanics were made by Charles Augustin 
de Coulomb, Claude-Louis-Marie Navier, 
and Baron De Prony. All these men also 
introduced design innovations. 

Up to the latter part of the eighteenth 
century, many persons who were engaged 
in what we consider today as engineering 
activities were not called engineers. The 
only men who bore that title were military 
engineers, who designed and built weapons 
and constructed military works serving as 
protection against an enemy. The 18th cen- 
tury English scientist John Smeaton, de- 
signer and builder of the Eddystone light- 
house, was the first man to call himself a 
civil engineer—that is, an engineer engaged 
in civilian, as opposed to military, activi- 
ties. Henceforth, the term civil engineers 
came to be applied to those who built 
bridges, docks, harbors, breakwaters, and 
other nonmilitary structures. These men 
acquired added status with the founding of 
the Institution of Civil Engineers in 1818. 

The steam engine had been developed 
by Thomas Newcomen, James Watt, and 
others in the eighteenth century, and had 
first been used on a modest scale to pump 
water out of mines. With the coming of the 


Industrial Revolution in England in the lat- 
r part of the century, steam began to sup- 
sly power to factories. In the first decades 
yf the nineteenth century, it was also 
»plied to land vehicles and ships. The ex- 
pansive force of steam offered a far more 
effective source of power than man had 
er possessed before. A new branch of 
gineering—mechanic al engineering— 
established to make efficient use of 
power. Mechanical engineers designed 
constructed steam power plants and 
the machines operated by the plants. 
iis new branch of the engineering profes- 
was already fairly well established 
when the Institution of Mechanical Engi- 
neers was founded in 1847, with George 
Stephenson as its first president. 
The science of chemistry reached its 
‘turity in the nineteenth century. Chem- 
now applied to industry and agriculture 
nany far-reaching discoveries of John 


Dalton, Jakob Berzelius, Friedrich 
Woehler, Edward Frankland, Friedrich 
Kekule, Justus von Liebig, and others. A 


great variety of dyes were produced from 
ul tar, Synthetic drugs were prepared. 
Dynamite was developed by Alfred Nobel. 
Charles M. Hall and Paul-Louis-Toussaint 
Heéroult made aluminum available in quan- 
tity for the first time with their electrolytic 
process for producing aluminum from alu- 
minum oxide, 
In the nineteenth century, too, the 
principles of electricity revealed by André 


In 1830 the builder of the 
steam engine, Tom Thumb, 
raced his engine against a 
horse to convince the offi- 
cials of the Baltimore and 
Ohio Railroad to use loco- 
motives instead of horses 
the horse won 


Marie Ampère, Hans Christian Oersted, 
William Henry, Michael Faraday, and 
many others were put to practical use, 
Samuel F. B. Morse developed the elec- 
tromagnetic telegraph in the 1830s. In 
1844, he amazed the world by sending the 
message “What hath God wrought!” over 
a telegraph line between Washington and 
Baltimore. The first transatlantic cable 
went into operation in 1858. In 1876, 
Alexander Graham Bell took out a patent 
on his recently developed telephone. 
Three years later, Thomas A, Edison pro- 
duced the first successful incandescent 
electric light. In the last decades of the 
century, the industrial dynamo brought 
about revolutionary developments. 

The electrical engineer took his place 
in the engineering profession. His field of 
operation was greatly extended in the twen- 
tieth century with the rise of electronics, 
the science based on the fact that streams 
of electrons can be made to move outside of 
conductors. In electronic devices, such as 
radio and television sets, the electrons are 
controlled as they move in electron tubes or 
in solids that are called semiconductors. 

The aeronautical engineer emerged as 
an important member of the engineering 
profession with the development of the 
heavier-than-air flying machine in the 


twentieth century, Now that satellites and 
manned space vehicles are a reality, the 
role of the aeronautical engineer has be- 
come more vital than ever 
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Wood is a renewable source of indus- 
trial material. Unlike most mineral re- 
sources, which cannot be renewed within 
the normal time span of human civilization, 
many types of trees can be grown again and 
again, several times in a century. In fact, 
regrowth may be so rapid that one crop of 
timber may be harvested once every fifteen 
to twenty years ona single woodlot. This is 
especially true where large or mature trees 
are not necessary, as in the production of 
wood pulp. All of this has been made possi- 
ble by the development of modern forestry 
techniques. There has been a wide-scale 
application of machinery in the harvesting, 
transportation, and processing of wood, as 
well as in the reduction of waste in logging 
and mill operations. Moreover, any wastes 
that are produced are now turned into 
useful industrial products. Today, 60 to 80 
per cent of a tree is used profitably, as com- 
pared to 40 or 50 per cent in 1950 and only 
30 per cent in 1900. 

The structural use of wood, in con- 
structions such as buildings, bridges, ships, 
and so on, has undoubtedly given way in 
many areas to metal, plastics, glass, con- 
Crete, and other materials. As a fuel, wood 
has been replaced by coal, oil, natural gas, 
and atomic energy. But enormous quanti- 
ties of timber are still consumed for various 
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A research forester examines test 
groups of young tree seedlings that 
are being grown under controlled 
laboratory conditions. Researchers 
hope to determine hereditary 
characteristics, such as resis- 
tance to insects and disease, that 
will help future tree breeding plans. 
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purposes, particularly in the construction of 
buildings, framework and scaffolding, fur- 
niture, utensils, handles, and various con- 
tainers. A tremendous demand for wood is 
made by paper and pulp mills, by the chem- 
ical industries, and by plywood and hard- 
board manufacturers. Despite the tremen- 
dous demands these activities make on our 
forest resources, the timber supply in some 
parts of the world is increasing, because of 
management of forests and good timber- 
harvesting practices. 


SOME DEFINITIONS 


Forestry can be defined as the manage- 
ment of forest lands for the continuous 
production of their products and use of 
their lands for recreation and other pur- 
poses. 

Timber is a broad term applied to 
standing trees, as well as to the various 
structural forms of wood made by man, 
such as logs, lumber, poles, posts, railroad 
ties, shingles, pilings, and so on. Lumber is 
used for the sawed sections of logs to be 
made into boards and planks, as well as for 
the boards themselves. Sawtimber and 
sawlogs indicate the trees and logs, respec- 
tively, that are to be sawed into lumber and 
various other forms of timber. 

Hardwood is the wood of deciduous 


trees, such as oak, maple, hickory, and so 
on. The wood, however, is not always so 
hard. Hardwood is often used in the manu- 
facture of furniture, tools, handles, and in- 
terior paneling, as well as in the chemical 
industries and to some extent in pulp and 
paper production. The wood of evergreen 
trees, or conifers—pine, fir, spruce, and so 
on—is called softwood, although it is not 
always soft. It usually goes into the con- 
struction of homes, frameworks, scaffold- 
ing, veneers, plywood, boxes, crates, and 
other containers. A huge volume of soft- 
wood is utilized in the chemical, pulp, and 
paper industries. 

In heavily industrialized areas, a large 
proportion of the wood is not used in its 
more or less original structural form, but is 
transformed into other kinds of materials. 
Veneers are thin sheets cut from hard- 
woods or, more often, from softwoods. 
Veneer is often used to face inferior kinds 
of wood. The veneers may be bonded 
together to form plywood, which usually 
consists of a number of sheets held by 
adhesive so that their grains are at right 
angles to each other. 

Logs and other pieces of wood are 
often broken down into small fragments, 
which serve as the starting point for a diver- 
sified array of industrial products and mate- 
rials. The wood is disintegrated by several 
methods into flakes, chips, shavings, and 
smaller particles and fibers, either deliber- 
ately or as the result of logging and sawmill 
operations. In the latter case, these frag- 
ments, once considered wastes, are now 
converted into useful materials. For ex- 
ample, hardboard is an artificial woodlike 
substance manufactured from disintegrated 
wood fibers that are bonded together under 
high pressure. Flakeboard, chipboard, and 
particleboard are composed of wood 
flakes, chips, or particles, respectively. 
bonded together with glues. Sawdust and 
bark fragments, by-products of logging and 
mill operations, are used as industrial raw 
materials. So-called wood flour, very finely 
ground wood, goes into the manufacture of 
linoleum, plastics, and explosives. 

Timber that is to be disintegrated into 
small fragments, known as wood pulp, is 


designated as pulpwood. The pulp is used 
very often to fabricate paper, paperboard, 
rayon, and cellophane. A great many valu- 
able substances are developed as by- 
products of the pulpmaking process. 

Many other products are obtained 
from trees and not only from the wood 
alone. Resin from certain species of pine is 
distilled into rosin, turpentine, and other 
substances. Nuts, fruits, and seeds are 
gathered from trees. Maples yield sap for 
syrup. Oil comes from pine and cedar nee- 
dies. Bark is a source of waxes, mulch, 
cloth, insulation, and tanning materials. 
The osage orange tree produces a dye. 
And, during the Christmas season, millions 
of evergreens are harvested for decora- 
tions. 


PRODUCTION AND CARE 


Before the twentieth century, the 
forests in many parts of the world were 
ruthlessly exploited by industry or exten- 
sively cut down to clear land for agricul- 
ture. The resultant waste and damage to the 
land became so shocking that conservation 
movements were organized to save what 
was left and to restore as much as possible. 
Governments—largely through forest-use 
laws—as well as lumber companies and 
private individuals took important steps in 
the application of sound forestry and log- 
ging practices. Breakthroughs in the fields 
of disease and insect control, breeding, 
planting, and fire control all contributed to 
sound forest-management practices. 


TREE FARMS 


One of the most potent methods in the 
reforestation of land with commercially 
valuable timber was the introduction of the 
tree farm system. The tree farm is literally 
what its name implies —a farm for the 
growing of trees for economic harvesting 
and profit. Rigid standards of growing, 
maintenance, and harvesting of trees are set 
up. Plots of land are given over entirely or 
in part to the production of commercially 
useful trees. The wood is sold to lumbering 
or papermaking corporations, with profit to 
the tree-farm owners. 
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MULTIPLE-USE CONCEPT 


Much of the recent progress in com- 
mercial forestry has also been due to the 
wide-scale application of different biologi- 
cal sciences. The woodland is a balanced 
ecologic unit, involving complex rela- 
tionships among trees and other plants, and 
animals and man. Recognition of this fact 
has led to the adoption of the multiple-use 
concept. A forest is now looked upon no 
longer as merely a source of timber, to be 
exploited. It is a home for animals, as well 
as an area of recreation for camping and 
sports. Most lumber and paper companies 
encourage hunters and fishers to use their 
woodlands for their activities. Their 
numbers are controlled, and they must 
Promise not to damage the trees wilfully 
nor to destroy game wantonly. It has been 
found that thinning of forest stands encour- 
ages the reproduction and growth of many 
forms of animal life, as well as useful plants 
other than trees. On the other hand, the 
presence of too many animals, particularly 
deer, beaver, and bear, harms the forest, 
because these creatures feed upon or other- 
wise kill the trees. Therefore, hunting is 
necessary to keep down the numbers of 
game. Ultimately, the forest will be cut 
down, but it will grow back fairly soon. 


LIKE AGRICULTURE 


Certain modern forest practices are 
Startlingly like those in agriculture. They 
include planting, transplanting, cutting and 
grafting, harvesting, and so on, The foresta- 
tion or reforestation of a land tract may be 
accomplished by means of merchanical tree 
planters or seeders on the ground or by 
seeding from the air, with planes and 
helicopters. Timberlands must be weeded, 
to remove trees of no commercial value 
which invade the area and compete with 
valuable trees for soil, water, and sunlight. 
Diseased trees must also be removed. If 
possible, their timber is used commercially. 
The deliberate thinning out of tree stands 
stimulates the rapid growth of the remain- 
ing trees, and the pruning of branches 
improves the quality of individual trees, 
Fertilizers may be added to the forest soil. 
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Series of photos in Willow Creek area of St. Joe Na- 
tional Forest in Idaho. Top: 1938 photo showing 
logged area. Middle: 1949 Photo, showing the area 
10 years after reforestation. Bottom: 1969 photo 
showing new forest. 


Spraying of trees against insects and dis- 
ease is needed. Fire prevention is a must. 
Other important forest-production, or 
silvicultural, methods involve the breeding 
of new tree types featuring rapid growth, 
high timber yield of excellent quality, 
disease- and insect-resistance, and so on. 


TIMBER HARVESTING 


The removal of trees for ultimate con- 
version into useful products is known as 
timber harvesting, or logging. Selective log- 
ging involves the cutting only of those trees 
that are most suitable for the purposes in 
view. Mature, overmature, poorly formed, 
diseased, or insect-infested trees are often 
taken. Other trees may be left standing, 
usually because they are young and still 
adding wood at a rapid rate. The trees that 
remain are also intended to reseed a cut- 
over area, so that more trees will grow. If 
an entire stand of timber is cut down, anew 
forest may start to grow by itself, or else the 
tract will be replanted or reseeded by man. 

Timber harvesting consists of the fol- 
lowing basic operations: the cutting down, 
or felling, of the trees; the removal of limbs, 
or limbing; the cutting of the trunks and the 
heavier boughs into logs of suitable length, 
a practice known as bucking; the local 
hauling of logs and trees in the cutting area 
to some point of storage or further trans- 
port, a technique called skidding, yarding, 
or prehauling; and then the final transpor- 
tation of the cut timber to the sawmill or 
pulp or paper mill. After an area has been 
logged, there is often a follow-up operation 
to retrieve various pieces of wood, 
branches, bark, and even stumps which 
may prove to be of commercial value. 

Felling, limbing, and bucking. Timber 
harvesting is becoming increasingly 
mechanized. Today felling, limbing, and 
bucking are accomplished by means of 
power saws of various types. A tree must 
be cut so that it falls in a desired direction, 
with a minimum of damage to itself and 
nearby standing trees. 

Smaller trees that will become pulp- 
wood may be felled by a machine, such as 
the Bushcombine in use in the southeastern 
United States. Another type of forest ma- 


chinery (the Utilizer) can be moved into a 
wooded area to cut logs up into chips and 
flakes on the spot, instead of at a pulp or 
paper mill. 

Skidding. The local hauling of cut trees 
and logs is carried out in various ways, 
depending on the scope of the harvesting 
operation and the nature of the terrain. The 
term skidding was originally derived from 
the practice of dragging (skidding) logs 
along the ground or along a special kind of 
trail known as a skid road. The operation 
was done by different methods. Lumber- 
men themselves handle single small logs 
with hooks called peavies. 

Much local hauling of logs is carried 
out by simply loading them on a vehicle of 
some sort. Special machines can move 
quite a few logs at a time, loading or unload- 
ing the carriers. The logs are finally hauled 
out of the forest on trucks or trains, The 
vehicles used in all these activities must 
usually be able to move over rough terrain, 
in areas where there are no roads or only 
poor ones. 

Hauling may be practiced with cable 
systems. The felled trees or logs are 
dragged or even lifted by a system of cables 
that are rigged to one or more upright 
masts, or spars, and powered by a diesel or 
gasoline motor. The spar tree is now 
usually a high metal spar or pole that can be 
moved readily into position and then rigged 
in only a few hours. Cable hauling is often 
employed in rough country where wheeled 
vehicles would have a difficult time. 

Balloon skidding of logs is also used in 
mountainous areas. A large helium-filled 
balloon is guyed in place, and pulleys and 
cables are attached. Several metric tons of 
logs at a time can then be lifted and carried 
to a central point for loading on trucks. 

Final hauling. Generally trucks and in 
certain instances railroads haul the felled 
logs and other pieces of wood to the saw- 
mill, pulp, or paper mill. In some areas, 
streams and lakes are also used for the 
storage and movement of logs. Wood- 
processing plants need no longer be located 
close to the site of logging operations, and 
today they are frequently hundreds of kilo- 
meters from the forest. 
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THE MANUFACTURE OF WOOD PRODUCTS 


Once the logs have reached the mill, 
the industry of converting them into useful 
products begins. The wood is sorted in 
various ways. The wood mill is a complex 
operation that often combines the manu- 
facture of lumber, pulp, veneer, and other 
products. 

Lumber. The manufacture of lumber in- 
volves the sawing of logs lengthwise into 
sections of various thicknesses, lengths, 
and widths, to produce boards or planks. 
The logs are first washed and have their 
bark removed. They are then drawn up by 
a huge chain or other mechanical device 
toward the so-called head saw. This may 
be of the familiar rotary, or circular, type. 
In larger mills, it is a band saw, consisting 
of a toothed “endless” steel band moving 
vertically on a pair of rapidly turning 
wheels. A log moves on a traveling bed or 
carriage against the head saw in a length- 
wise direction. The saw cuts a section 
from the log. The log then moves back to 
its former position and is shifted laterally 
for another cut. The saw operator, or saw- 
yer, determines the locations of cuts to be 
made and, therefore, their number. The log 
then moves forward to the head saw, 
which cuts off another section. This pro- 
cess is repeated until the log has been 
sawed into a number of rough boards and 


In a well-managed forest, tree growth is faster than in 
an unmanaged one. These sections are from 27-year 
old trees. The one on the left comes from a managed 
forest 
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thicker pieces known as cants, or flitches 
These sections then move on rollers 
through a series of different saws that cut 
the sections into boards of different 
widths. Still other types of saws finally cut 
the lumber into desired lengths and widths 
and also remove the defects. 

Conveyer belts or chains next move 
the boards into a special shed where they 
are graded by trained men according to 
quality. The lumber is then seasoned or 
dried, either in the open air or in special 
drying kilns. In the planing mill, the rough- 
cut lumber may be smoothed by mecha- 
nized knives into so-called finished lumber. 
The boards may also be worked into 
various forms for use in building construc- 
tion. 

In most sawmill operations today, the 
logs are debarked, or have their bark re- 
moved, before being sawn. The bark is used 
industrially in the manufacture of an as- 
tounding variety of products, including 
adhesives, dyes, drugs, tannins, insulation, 
and so on. The sawdust produced also gives 
rise to numerous useful substances and 
products. Various kinds of specialized mills 
also produce different kinds of timber prod- 
ucts—railroad ties, barrel staves, and 
other types of structural wood shapes. 

Veneer and plywood. The principles in- 
volved in the production of veneers and 
plywood are quite different from those 
applied in the manufacture of lumber, Here 
a previously steamed log is turned on a 
lathe against a large knife. This causes the 
log to be “peeled,” so that a continuous 
sheet of thin wood is “unrolled” from it. In 
another method of cutting, a flitch is moved 
up and down against a stationary knife, 
which at each pass cuts off a slice of wood 
to be made into plywood or veneer. An- 
other method produces half-round veneer, 
which is intermediate in shape between ro- 
tary-cut veneer and sliced veneer. A certain 
quantity of veneer is still made by means ofa 
circular saw. Softwoods are primarily used 
in the manufacture of plywood and veneer. 

The wood sheets then pass to a clip- 
ping machine, which cuts them into various 
sizes. The sheets are then heated in special 
drying chambers. Not all the moisture is re- 
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Douglas fir seedlings show size differences between seedlings grown in a 
natural forest that has been reseeded and “super” seedlings developed by 


ling 


moved (somewhat over 90 per cent of it is). 
Then the sheets pass to taping or splicing 
machines, which join them into larger-sized 
sheets. During these operations, defects are 
removed or repaired. Next, glue is applied 
to the wood sheets, by means of spreaders 
with rollers, through which the sheets pass. 
Finally, the sheets, or veneers, are pressed 
together in large presses at pressures of 
anywhere up to 20 kilograms per square 
centimeter. Heat is often applied. Cold 
presses may be used. The resulting panels 
or plywood are then conditioned, cut to 
various sizes, and perhaps treated in other 
ways. 

Many kinds of veneers and plywoods 
are manufactured, depending on their uses 
and the qualities required. Wood sheets 
may be bonded with other materials, such 
as metals and plastics, for special require- 
ments. The nature of the glues also affects 
the durability of the plywood. Definite 
grades of veneers and plywoods exist. The 
best are used where strength or beauty is 
required. Veneers are used to face less at- 
tractive and inferior wood, as in furniture 


rchers to speed tree growth. (left) Tiny one-year-old natural seedling and a 
old super seedling. (right) Two-year-old prime seedling and super 


and other products. Softwood plywood is 
used by manufacturers in an extraordinary 
range of goods. 

Hardboard. Hardboard is a general term 
denoting a kind of synthetic wood produced 
when fibers of disintegrated wood are 
bonded together under intense pressure. 
There are a number of other synthetic 
wood materials, depending on the nature of 
the fragments and how they are joined. 
Flakeboard is composed of flat wood shav- 
ings bonded with synthetic resins. Par- 
ticleboard consists of wood particles glued 
together with synthetic or other resins. 
Hardboard, on the other hand, does not 
normally require the addition of synthetic 
glues, because it contains the natural adhe- 
sive present in wood, a substance known 
as lignin. 

In the manufacture of hardboard, logs 
and odd pieces of wood from a variety of 
trees are reduced to chips in a machine with 
rotating knives. These chips are then 
broken up into their component cellulose 
fibers in machines that mechanically disin- 
tegrate them or explode them under steam 
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pressure. The fiber masses are further 
refined into individual fibers. Then these 
fibers are formed into an interlocking mat 
by a variety of methods—by means of 
water on a screen or by blowing them with 
air onto a metal cone. The resulting fiber 
mat is passed through rollers and then fed 
into giant hydraulic presses, which form it 
into thin, dry boards under heat and pres- 
sures of up to several kilograms per square 
centimeter. Next, the boards are humidified 
in a special chamber. This is to prevent 
warping. 

Finally, the hardboard is sawed into 
various shapes and sizes. Hardboard is ex- 
tremely strong and resistant to marring and 
damage. These properties make hardboard 
particularly ideal for paneling. There are 
many varieties of hardboard that are avail- 
able. They are suitable for the manufacture 
of siding, furniture, tabletops, and other 
kinds of construction. 


PULP AND PAPERMAKING 


Vast quantities of wood are pulped 
and further disintegrated in various ways to 
provide raw material for the manufacture of 
paper and paperlike products, plastics, and 
various chemicals. The disintegration may 
be carried out in several ways—mechani- 
cally or chemically or various combinations 
of these two basic methods. The manufac- 
ture of paper is a complex process requiring 
the use of many chemicals and machines. 
Residues from papermaking are converted 
into useful products and chemicals. 
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This powerful tree barke 
quickly strips the bark 
logs, which are then pr 
cessed into boards. 


CHEMICAL WOOD PRODUCTS 


Wood is transformed through chemic 
change into an incredible variety of prod 
ucts for home and industry. In this respect 
wood is as versatile as any other raw mate 
rial. The results of wood distillation are 
such materials as charcoal, acetic acid, ace 
tone, wood alcohol, pitch, turpentine, rosin. 
tars, and oils, and other chemicals. The 
type of product often depends on the kind 
of wood distilled. 

Wood treated chemically in other ways 
yields a wide variety of other products 
including acetic acid, yeast, ethyl alcohol. 
sugars, glycerine, and resins. Wood- 
byproduct chemicals are further used in 
the manufacture of a considerable number 
of other chemicals and products. 


MISCELLANEOUS FOREST PRODUCTS 


Sawdust is the raw material for nu- 
merous products, such as synthetic materi- 
als of various kinds, absorbent matter, 
pulp, animal feed, filters, insulations, plas- 
tics, and various molded objects, among 
other things. Naval stores—rosin, turpen- 
tine, pitch, and other chemicals—are pro- 
duced from the resin of various species of 
pine (such as slash and longleaf), particu- 
larly in the southeastern part of the United 
States. Balsam is obtained from fir trees. It 
is used in medicine, cosmetics, sealing 
waxes, and optical instruments, and 
research. A variety of oils and fibers are 
obtained from the different parts and even 
the fruits of trees. 
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BUILDING TECHNOLOGY 


by John H. Callender 


All building materials may be divided 
into three general classes: primitive, tradi- 
nal, and modern. 
Primitive materials are readily avail- 
ble in nature and require very little prep- 
ation. They include logs, saplings, reeds, 
ves, grass, skins, clay, and snow. 
Traditional materials are those that 
been in use over a long period of time 
and that require more or less extensive 
preparation. Stone, brick, tile, mortar, 
imber, plaster, metal, and glass are ex- 
amples of traditional materials. 
Modern materials include new or rela- 
tively new substances such as structural 
el, reinforced concrete, vermiculite, fi- 
rboard, plywood, and plastics. 


PRIMITIVE MATERIALS 


We think of a builder nowadays as a 
specialist who devotes all his time to his 
chosen lifework. But the history of build- 
ing with primitive materials generally 
shows no such specialization. 

Perhaps an example or two will make 

clearer. Colonists in a new land 
frequently must clear away trees. They 
then often take these trees to make a 
shelter for themselves. Selecting trunks 
that are straight and uniform in size, they 
place one on top of another, notch and lap 
the corners, and build a log cabin. 

The various tribes of North American 
Indians built with different primitive mate- 
rials. The tribes of the western plains were 
hunters. They made their houses of animal 
hides, stretched over a pyramidal frame of 
saplings. 

Primitive materials are generally used 
in their natural state, without processing, 
but this is not always true. Many Arabs 
live in tents of cloth woven from sheep’s 
wool, goat’s wool, or camel’s hair. In 
Mongolia the tents are covered with felted 
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ary 2, Ñ 


ECER T.. West pengaf/ © A 
a A È k 
x 


\ 


# \e 


TRADITIONAL MATERIALS 


Unlike the primitive materials, tradi- 
tional materials require some preparation 
before they can be used for building. 


STONE 


For thousands of years, stone has 
been without a rival as the material for 
buildings of a monumental nature—that is, 
those that are intended to endure and to 
have dignity and authority. We find the 
earliest monuments of this sort in ancient 
Egypt. 

In Greece, too, the inhabitants turned 
to stone for building after wood became 
scarce. The architecture of the Hellenic 
civilization, executed in white marble, has 
been a major influence in Western architec- 
ture. 

The Romans built first of brick, but as 
they came under the influence of Hellenic 
culture, they, too, found stone more beauti- 
ful. They often put up walls of brick, or rub- 
ble, or concrete, and faced them with thin 
slabs of stone. 

One of the disadvantages of stone is 
In ancient Greece, the traditional building material of 
choice was white marble. Rows of evenly spaced col- 
umns provided support for overlying structures. 
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the short distance that a single stone spans 
between supports. The Romans solved this 
problem: they developed the arch as a way 
of increasing span and used it extensively in 
its various forms, especially the vault and 
the dome, which permitted them to build 
vast open halls, uncluttered by columns. 

Most desirable are the even-grained 
stones that are fairly easy to cut, such as 
sandstone, limestone, and marble, In rub- 
ble, or roughwork, masonry, as distin- 
guished from ashlar, or cut stone masonry, 
practically any type of stone may be seen. 
The exposed face of stone masonry may 
be given various textures: highly polished, 
carved, or extremely rough. 


BRICK AND TILE 


Second only to stone as a permanent 
building material and second only to wood 
as a utilitarian material is brick. It is made 
of clay, molded into blocks while moist and 
then hardened in the sun or by fire. Stand- 
ing midway between wood and stone in 
cost, brick has long been used as a substi- 
tute for these materials. 

The first bricks were hardened by 
being exposed to the sun. Then the people 
in Mesopotamia discovered that if bricks 
were baked in an oven, they would be much 
harder and more durable. 

Bricks are always laid in mortar. The 
type of mortar, the width of the joint, and 
the skill with which the work is done all 
have an important effect upon the appear- 
ance, the durability, and the waterproof 
qualities of a brick wall. 

A wall consists of at least two thick- 
nesses of brick. In order to tie these two 
thicknesses together, some of the bricks are 
turned so that their length extends back 
into the wall, and only their ends are ex- 
posed. These headers, as they are called, 
may be arranged to form a pattern, which 
can be quite decorative. In modern times, 
brick walls are sometimes built with a more 
or less continuous hollow space between 
the two thicknesses. This gives better 
insulation and keeps water out. 

In order to span even a small opening 
in brick masonry, an arch must be built, or 
a lintel (beam) of other material used. 
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Courtesy of the Los Angeles Chamber of Commerce 


This mission in southern California is a fine example 
of stucco construction. The roof is made of baked 
clay tiles. 


The Babylonians discovered that, if 
certain minerals and pigments were added 
to the surface of clay, they would melt dur- 
ing the firing and form a hard, smooth, 
glazed surface. Glazed clay, generally in 
thin, flat shapes, called tiles, later became 
an important building material. Tile has 
been used for decoration by most people 
who have built extensively in brick. The 
medieval Mohammedans carried tile to its 
highest point of development, especially in 
the Middle East and Spain. 


WOOD 


Wood is the world’s great utilitarian 
building material. Probably there are more 
buildings of wood today than of any other 
substance that is used for building pur- 
poses, 


Wood is in some respects ideal for 


iiding purposes. It is still plentiful in 
any parts of the world and could be grown 
a crop in most other places. Unlike the 
sonry materials we have been discuss- 
ng, it is light but very strong for its weight. 
ži is easily worked, is a good insulator, and 

warm to the touch and springy to the 
step. It also has certain disadvantages. It is 
flammable, apt to decay, and shrinks or 

wells with changes in moisture. 

In wood, moderately long spans are 
easily provided and extremely long spans 
are quite practical, with the aid of trussing, 
racing. In a few parts of the world, no- 
tably Scandinavia and Japan, wood has 
been used throughout, even for the most 
monumental buildings. 


PLASTER AND STUCCO 


Plaster is of ancient origin and has 
b used all over the world, especially for 
interiors. A wall may be built with consid- 
erable roughness and inequality and with 
no consideration for appearance if it is 
later to be plastered. A plastered wall or 
ceiling can be made to produce an unbro- 
ken, smooth white surface, which cannot 
be achieved by any other means. Plaster 
may be given various surface textures, or 
it may be molded or colored, as it is 
applied. Mural paintings done on wet plas- 
ter are known as frescoes, and their 
beauty, as well as their durability, may be 
seen in the examples uncovered at Pom- 
peii and on Crete. 

Interior plaster has generally consisted 
of sand and lime, with some fiber or hair to 
give it additional cohesion. Gypsum often 
takes the place of lime, or it may be added. 

Exterior plaster, usually called stucco, 
must be more waterproof and more resis- 
tant to freezing and thawing than interior 
plaster. Stucco consists of cement and sand 
with a small amount of lime. It has been 
widely applied to buildings to cover rubble 
masonry or poor brickwork. 


METAL 


Until modern times, metal was not a 
primary building material, but it has long 
served in connection with other materials. 
Bronze, a mixture of copper and tin, was 


an 
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Aluminum, shown here as siding, is an example of a 
modern material. Many modern materials are main- 
tenance-free. 


sometimes concealed in stone masonry to 
key the stones together. Doors, windows, 
grilles, railings, hardware, lighting fixtures, 
fountains, and even bathtubs were made of 
bronze by the Greeks and Romans. Cop- 
per, which can be pounded into thin sheets, 
has long served for roofing, gutters, and 
downspouts. It has also provided flash- 
ing—waterproofing material used to seal a 
joint in the roof or between the roof and 
another part of the building. Copper makes 
fine water piping, because it is fairly resis- 
tant to corrosion. Since ancient times lead 
has been used for roofing, flashing, gutters, 
downspouts, and water piping. Tin, another 
noncorroding metal, is used in roofing and 
flashing, tin coating, and solder. 

Zinc’s most important use today is for 
coating steel, or galvanizing. Zinc roofing, 
flashing, and weather stripping are not un- 
common. Brass, a mixture of copper and 
zinc, serves principally for water piping, 
door hardware, and lighting fixtures. 

Wrought iron, hand-forged by skilled 
blacksmiths, was the only form in which 
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© louis Goldman/Photo Researchers 
The Citicorp Center in New York City, with its char- 
acteristic angled roof, is an outstanding example of 
the use of glass and steel in modern skyscrapers. 


iron had a place in construction until com- 
paratively modern times. In the Middle 
Ages, it was popular for door hardware, 
lighting fixtures, railings, and grilles, 


GLASS 


Glass has been used for windows 
since Roman times, but not until the late 
Middle Ages did it become a major item in 
building. Then, in northern Europe and 
England, not only the great cathedrals but 
also royal palaces, town halls, city houses, 
and other types of buildings were opened 
up with huge expanses of glazed windows. 
Medieval glass was in small pieces, only a 
few centimeters in each dimension, These 
were set in lead cames—that is, grooved 
bars of lead that formed a resilient and wa- 
tertight frame. The glass was hand-blown 
and quite irregular in surface, texture, and 
color, but it let light in. 


MODERN MATERIALS 


Toward the middle of the nineteenth 
century, building began to feel the effects 
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of the Industrial Revolution. Much work 
that had been done by hand could be done 
more cheaply by mass production in fac- 
tories. New materials were introduced 
The most important were steel, reinforced 
concrete, insulation, and sheet materials 


IRON AND STEEL 


The first iron bridges were built in 
Great Britain in the 1840s. As early a: 
1851 the Crystal Palace, originally set up 
in Hyde Park, in London, was built en 
tirely of iron and glass. In 1889, Gustave 
Eiffel made the world gasp by building an 
iron tower in Paris to the dizzy height of 
almost 300 meters. 

It was in Chicago, Illinois, in th: 
1880s that the complete steel frame was 
first used. The steel frame is a continuous 
cagework of steel columns and beams that 
forms the skeleton of a building and upon 
which everything else is hung. 

Steel is the form of iron most useful as 
a building material. It differs from cast iron 
in that it is not brittle, but malleable—that 
is, it can be shaped by hammering or press 
ing or rolling. Wrought iron is also mallea 
ble, but cannot be manufactured by mass 
production. It is, therefore, more expen 
sive, less plentiful, and less uniform in 
quality than steel. 

Steel can withstand both compression 
and stretching; in this respect it may be 
compared to wood. Long spans are easy in 
steel construction. 

Steel has two great enemies, fire and 
corrosion. Although steel does not burn, it 
loses its strength very rapidly in even a 
small fire. For protection from both fire and 
rust, the steel frame is surrounded by 
fireproof material. 

Steel is used for many other building 
purposes: doors, windows, stairs, decking, 
roofing, gutters, siding, lath, hardware, 
plumbing, heating, and most other mechan- 
ical-equipment items. Cast iron serves for 
boilers and radiators, as well as for plumb- 
ing fixtures and drainpipes. 


REINFORCED CONCRETE 


Concrete was employed extensively 
by the Romans and can thus hardly be 


called a modern material. But when it was 
discovered in the late 19th century that 
concrete can be reinforced with steel rods, 
an entirely new type of material was born. 
Concrete is as durable as any material 
known to man, and it is capable of support- 
ing enormous loads. When reinforced with 
steel, it can be used, like steel, for long 
spans and light construction. 

One of the advantages of concrete is 
that it is monolithic. It forms a single block. 
It can be poured into forms, and it hardens 
in place so that the whole structure is like 
one massive stone. But this is also a disad- 
vantage, since it requires an enormous 
amount of material and labor to make the 
forms into which the concrete is poured. 
Besides, time is lost waiting for the poured 
concrete to harden. 

Concrete can also be precast into 
blocks or slabs before they are placed in the 
building. However, large precast concrete 
units are very heavy, which makes shipping 
and handling very expensive. 


INSULATING MATERIALS 


Insulating materials conserve heat in 
a building. These are applied first to the 
heater itself and to the pipes or ducts that 


Batts of glass insulation are being installed between 
the studs of a new house. The backing on the batts 
serves as a vapor barrier, keeping warm air inside. 


Owens-Corning Fiberglass Corp. 


lead from it. Then the walls and roofs of 
buildings are insulated. 

One popular type of wall and ceiling 
insulation is a sort of quilt made up of some 
woollike or cottonlike material glued to a 
piece of tough building paper or foil, which 
serves as a vapor barrier. The fibers may 
also be sandwiched between two layers of 
paper or foil. Mineral-wool stuffing made 
from rock, slag, or glass is common. Wood 
or bark processed into a fibrous, woolly 
material has been used in the past, as have 
other natural materials such as eelgrass, 
kapok, and cotton. The insulation may be 
sold in large blankets, long rolls, or in pre- 
cut batts. Occasionally, the filling material 
in loose form is simply poured or blown 
into the hollow spaces in walls or between 
ceiling joists. The loose filler is often min- 
eral wool or vermiculite. 

Asbestos, a fibrous rock, was formerly 
used as insulation in commercial and indus- 
trial applications. It was found, however, 
to be a serious health hazard, particularly 
to manufacturers and installers, and its use 
as an insulation was discontinued. Because 
of the potential injury to health posed by 
the various fibers, dusts, resins, and adhe- 
sives used in the manufacture of most mod- 
ern insulations, manufacturers recommend 
that installers wear protective masks and 
gloves. 

Another type of insulating material 
does double duty. It is made in the form of 
a building board and can take the place of 
wood sheathing, lath, or both lath and plas- 
ter. These insulating boards are of glass 
fiberboard, urethane, or polystyrene foam. 

All of the insulations that we have 
mentioned above trap thousands of little 
pockets of dead air, which, since they can- 
not move, act as excellent insulators. An 
insulation that works on an entirely dif- 
ferent principle is aluminum foil, which 
reflects the heat waves in exactly the same 
way that a mirror reflects light waves. 

A great deal of heat is lost through win- 
dows and doors, most of it through the 
cracks around the edges. Weather stripping 
is applied to stop this loss. Interlocking 
metal strips are the ordinary form of 
weather stripping, but felt or rubber gaskets 
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METALLURGY 


by Marry J. Wort 
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Modern prospecting involves an understanding of 
crustal movements and volcanism and a detailed 
knowledge of minerology. 


famous book on the processing of metals. 
This work, called De Re Metallica (Con- 
cerning Metals), deals with mining opera- 
tions and numerous types of smelting fur- 
naces in considerable detail. Of course, the 
methods described by Agricola were ele- 
mentary and crude as compared with our 
modern procedures. Modern metallurgy 
has developed methods and equipment that 
were unknown a hundred years ago. 


SERIES OF OPERATIONS 


In the sequence of operations by 
which mineral-bearing rock is transformed 
into pure metal, the first step is the discov- 
ery of an ore body—a rock formation con- 
taining ore. Before going further, it would 
be well to define accurately the word ore. 
Not all mineral-bearing material is ore. 
Technically speaking, it is ore only if it can 
be mined at a profit. It must occur in suf- 
ficient quantity and have a sufficiently high 
average value so that the price received for 
the end product will cover the cost of 
operations and still yield a reasonable prof- 
it. 

PROSPECTING 


Ore bodies are usually found as a 
result of the preliminary step known as 
prospecting—the search for or explora- 
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tion of new ore deposits. It involves a be sic 
knowledge of geology and mineralogy. {he 
prospector must be able to recognize min- 
eral outcrops on the surface and must also 
be able to tell when there is a strong possi- 
bility that mineral deposits are nearby 

The prospector who finds the ore de- 
posit may be able, from his knowledee of 
mineralogy, to distinguish between the dif- 
ferent minerals in the ore and to recognize 
those of commercial value. However, } 
the eye or the magnifying glass does not 
give him enough information regarding the 
probable value or nature of the minera 
resorts to the miner's pan. This has a 
circular bottom surrounded by sloping, 
rounded sides. A sample of ore, crushed 
finely enough to separate the valuable mir 
erals from the materials with which they 
have been mixed, is placed in this pan and 
water is added. The pan is then shaker 
back and forth. The buoyancy of the lig! 
and usually worthless materials 1s 
them to remain at or near the surface, a 
they are washed over the rim of the pan 
The heavier minerals or concentrates 
mostly sulfides or oxides and often metallic 
particles of gold and platinum, remain in the 
pan. By observing the relative quantities of 
the heavy and light minerals, the prospector 
can estimate the approximate value of the 
ore. He can determine whether it is worth- 
while investigating the ore body further. 

If the ore deposit happens to be a 
quartz vein, through which finely divided 
gold particles are scattered, the concentrate 
that remains behind after panning is made 
up of tiny particles of gold. We then have 
what the miner calls a “string of colors.” 

The mineral deposit may be of such a 
nature that the prospector is unable to es- 
timate its probable value by panning. In 
that case he takes representative samples of 
minerals for testing by the process called 
assaying, We may consider an assay as a 
miniature metallurgical or chemical opera- 
tion conducted on a laboratory scale. We 
describe dry and wet assays later on in this 
article. 

Ore deposits may occur in a great vari- 
ety of sizes and shapes. They may be in 
large deposits, which are exposed on the 


surface and which may be mined with bull- 
dozers, power shovels, and trucks. Some- 
times a massive deposit is covered with a 
layer of soil, called overburden. If this is 
not too thick, it may be removed or stripped 
by bulldozers, power shovels, or scrapers. 
The deposits may then be mined by con- 
ventional open-pit methods. 

Certain massive deposits are too far 
below the surface for stripping, or else they 
are covered by a thick layer of rock. They 
are developed in various ways. Flat-lying 
or nearly horizontal deposits may occur as 
extensive layers, outcropping in the walls 
of a gulch or canyon which has been ex- 
posed by the deep erosion of the earth's 
surface. Such deposits may be attacked by 
tunnels driven into the hill or mountain 
from the outcrop. Other deposits are devel- 
oped by means of shafts sunk into the 
ground to the appropriate level. 


MILLING AND ORE DRESSING 


When the ore from the mine is deliv- 
ered to the receiving bin at the mill, the 


process of ore dressing begins. This repre- 
sents the preparation of the ore for sub- 
sequent treatment. Its prime object is to 
separate, by mechanical means, the valu- 
able minerals from the worthless material, 
called gangue, with which it happens to be 
associated. The valuable product that re- 
sults from ore dressing is called a concen- 
trate. Since it still contains various impu- 
rities, it is usually shipped to a smelter so 
that it may undergo further treatment. 

Certain ores which are rich in the 
desired material may be shipped directly to 
a smelter without the preliminary prepara- 
tion accomplished by ore dressing. The 
ore-dressing process is also eliminated in 
the case of ores containing ingredients that 
can serve as fluxes. Fluxes are substances 
that mix with various impurities in the 
smelting furnace, forming a liquid slag. 
However, most ores require preliminary 
treatment to reduce both the volume and 
the weight of the undesirable minerals. 
This treatment reduces the costs of trans- 
portation and of smelting. 


Three basic mining methods. In the shaft mine, a vertical shaft is sunk in the ground, 
and tunnels lead from the shaft to the deposits. Strip, or open-pit, mining is used to 
develop deposits located near the surface. In the portal mine, a more or less horizon- 


tal tunnel is driven from an outcrop to a mountainside. 
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Crushing. Ore may come from the 
mine in a wide range of sizes, from fine dust 
to chunks of material 30 centimeters in di- 
ameter. This variety may result from blast- 
ing operations in underground mines. In 
fact, such operations may be regarded as a 
preliminary form of crushing. 

The ore that is sent to the concentrat- 
ing mill is first subjected to various crushing 
devices, including jaw crushers, gyratory 
crushers, cone crushers, and crushing rolls. 
A jaw crusher is made up of two faces or 
jaws. One of these is stationary, while the 
other moves alternately toward and away 
from the stationary face, crushing the ore 
between the two faces. The opening 
through which ore is fed into the jaw 
crusher is larger than the one from which 
the processed ore is discharged. This latter 
opening is adjusted to deliver the desired 
size of crushed ore. 

The gyratory crusher is based on a dif- 
ferent principle. In this device, the sta- 
tionary crushing device is a conelike struc- 
ture open at both ends and with the smaller 
opening at the bottom. Another cone is 
placed inside the first. It is quite similar to 


Pulverizing ore. Left: ore sent to the concentratin: 


it, but has the broader part at the botto: 


gyrating, or whirling, motion is imparted t 


the inner cone. Rock is fed into the de 
from the top and is crushed betwee; 
surfaces of the two cones as the inne: 
whirls around. Cone crushers are mod 
gyratory crushers. There are also 
cones set one within the other, but ii 
case the narrow parts of both cones a 
the top. Crushing rolls are made up of t 
revolving cylinders between which th 
is passed. 

Screening. At various stages of 
crushing operations, materials have t 
separated according to sizes. This is ge 
ally done by means of screens. The 
zly is the simplest type of screen. It is a 
tionary device, consisting of parallel | 
or rails, so spaced as to permit mat 
al of small size to fall through the openi! 
while the larger chunks are kept on 
rails. Other screens—trommels and 
brating screens—are of the moving ty; 
A trommel is a cylindrical shell thr 
which holes have been punched. It revol 
about an axis set at a slight angle to the hc 


izontal so that the material to be screen 


g mill is subjected to crushers like 


the ones shown. Middle: in the concentrating mill, screens are used to separate ma- 


terials by size. Right: the finer ore 
of metal balls or rods. 


Jaw crusher 
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Gyratory crusher 


Cone crusher 
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Vibrating screen 


Particles are ground through the tumbling action 


Grizzly 


will slide from one end of the trommel to 
the other. The finer materials pass through 
the holes as the trommel revolves. The 
coarser pieces are delivered at the end of 
the device. Vibrating screens are set in mo- 
tion either mechanically or by the action of 
an electromagnet or an armature. These 
screens are sometimes set one on top of the 
other. In this way, products of several sizes 
can be readily separated. 

Grinding. Finer materials are reduced 
to smaller size by various types of 
grinders. The grinding operation repre- 
sents the final pulverizing step before the 
ore is subjected to various separation pro- 
»s—gravity concentration, flotation, 
etic separation, and so on—that we 
describe later. In the machines called ball 
milis, the grinding is done through the 
tumbling action of steel or iron balls in a 
steel cylinder or conical drum, which is 
made to revolve about a horizontal axis. 
The material to be ground is fed into the 
mill and is crushed by the tumbling action 
of the balls. Steel rods are used instead of 


Set in the jig, shown below, is a horizontal screen, 
and below it is a V-shaped compartment called the 
hutch. Crushed ore and water are fed into the jig 
from above. The ore forms a bed on the screen. 
The up-and-down movement of a piston sends 
water pulsating through the bed. The heavier par- 
ticles go to the bottom, through the screen, and 
into the hutch. The lighter particles are swept over 
the edge of the jig. 


Right: as ore particles pass over a shaking table, a 
jerking action carries the heavy grains to one side 
of the table, while a current of water washes the 
light grains to the other side of it. 


balls as the grinding medium in the device 
called the rod mill. 


GRAVITY CONCENTRATION 


Metal particles are often separated 
from gangue minerals by what is called 
gravity concentration—that is, a separa- 
tion through the action of gravity. One of 
the devices used for this purpose is the jig. 
It is commonly applied to sulfide ores, 
which have been crushed just enough to 
free sulfide particles, containing the desired 
metals, from the gangue minerals that ac- 
company or surround them. The jig is a 
wooden, rectangular box or tank. Set in it is 
a horizontal screen, and below the screen a 
V-shaped compartment called the hutch. 
Crushed ore and a regulated amount of 
water are fed to the jig from above, and the 
ore particles form a bed upon the screen. A 
piston moving to and fro in an adjacent 
compartment sends a column of water mov- 
ing through the bed. As the pulsating col- 
umn passes through, the dense particles 
work their way to the bottom. They pass 
through the screen and fall into the hutch. 
The gangue minerals and the smaller sulfide 
particles are buoyed up by the pulsating 
water long enough to be swept over the 
edge or lip of the jig. 

The sulfide minerals that have fallen 
through the screen into the hutch are drawn 


+e, Crushed ore 
and water 


Waste 
(light grains) Sy 


Wash water 


Riffles 


Concentrates 
(heavy grains) 


32 


off from time to time through a valve. They 
are accumulated in a storage bin as concen- 
trates. Eventually they are shipped to a 
smelter. The overflow from the first jig may 
go to other jigs, called middling jigs or 
finishing jigs. They are designed to remove 
and recover smaller particles of sulfide min- 
eral than those recovered in the first, or 
coarse, jig. 

After the desired metals have been 
concentrated by the jigs, the remaining ma- 
terial, which may still contain valuable sul- 
fides, is frequently passed to shaking 
tables, also called vanners and wet concen- 
trating tables. They are rectangular in 
shape. Upon the surface of each is fas- 
tened a series of parallel cleats, called 
riffles, each longer than the one next above 
it. A bumping or jerking action is em- 
ployed to convey the heavy grains to one 
side or end of the table, while a current of 
surface water washes the light grains to the 
other side. This brings about a separation 
of the concentrates from the gangue mate- 
rial. 

Sometimes the jigs are completely 
eliminated from the separation processes. 
From the crushers, the ore passes directly 
to the shaking tables. This happens when 
the preparatory crushing of the ore does not 
liberate sulfide particles large enough for ef- 
ficient treatment in a jig. 


RECOVERY 


Flotation. Depending on the nature of 
the ore to be treated, any part or even all of 
the gravity-concentration processes may be 
eliminated in favor of flotation. The recov- 
ery of valuable minerals by flotation (or oil 
flotation, as it was originally called) is pos- 
sible because mineral fragments of proper 
size stick to oil-coated bubbles. 

The process takes place in a rectangu- 
lar vat or tank, called a flotation cell. Into it 
are introduced finely divided mineral par- 
ticles, water, a substance of a more or less 
oily nature, and certain chemicals. The 
ingredients are stirred vigorously by a rap- 
idly revolving propeller, and an oily foam or 
scum is produced. The mineral particles 
adhere to the bubbles of which the scum 
consists. The particles that do not adhere to 
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the bubbles sink to the bottom of the cell. 
As the mineral-bearing foam rises to the 
surface of the flotation cell, it is scraped off 
by suitably designed paddles into a troush, 
called a launder. 

The launder delivers the slimy product 
to a tank or vat, provided with a set of 
canvas-covered filters. These are in 
form of hollow disks, called leaves, which 
are made to rotate slowly on a horizor 
axis. Only the lower part of the disks 
immersed in the mineral-laden slime in 
filter tank. As this lower part turns sloy 
it is under a vacuum, which causes a la 
of the scum to adhere to it. The part of 
disk containing the scum then rises above 
the surface, and the vacuum is automatic 
replaced by pressure. This causes the | 
of slime to fall off the leaf. (Sometimes i 
scraped off.) It passes to a drying oven and 
then to a concentrate storage bin. The dr 
concentrate is put in sacks or otherw: 
prepared for shipment to a smelter, Flot: 
tion may be carried on ina single cell or 
series of cells, arranged side by side. 

A flotation plant may be designed to 
recover all the desired sulfide minerals in : 
single concentrate. Such a process is called 
bulk flotation. In certain plants, lead sul- 
fides are separated from zinc sulfides 
There are lead-flotation cells and zinc-flot.- 
tion cells. This process is called selective 
flotation. The lead concentrates are 
shipped to a lead smelter; the zinc concen- 
trates, to a zinc smelter. 

Magnetic separation. Numerous other 
processes have been devised for the separa- 
tion and recovery of minerals. The method 
called magnetic separation is based on the 
fact that most substances are either at- 
tracted or repelled by a magnet. Among the 
most strongly magnetic metals are iron, 
nickel, cobalt, manganese, and chromium. 
The most readily attracted minerals are 
magnetite, franklinite, ilmenite, pyrrhotite, 
biotite, and siderite. In one method, a thin 
layer of the material that is to be treated is 
fed onto a moving horizontal belt. There is 
a second moving belt, at right angles to and 
slightly above the first one. Strong elec- 
tromagnets are placed close to the upper 
side of the second belt. The magnetized 
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Recovery of minerals by flotation. Into the tank, or flotation cell, mineral particles are 
introduced, together with water, an oily substance, and chemicals. The ingredients 
are mixed by propeller, and an oily foam, or scum is produced. Mineral particles adhere 
to the foam, forming a slime. The slime is scraped off by paddles into a trough—the 
launder. The launder delivers the slime to a tank provided with filters in the form of disks, 
called leaves, rotating on a horizontal axis. As the lower part of the leaf turns in the slime, 
a layer of the scum adheres to it. This is scraped off and passed to a drying oven. 


particles are pulled off the first belt and up 
against the lower side of the second belt. 
They are carried out of the magnetic field 
and then fall into a bin or hopper. 

Electrostatic methods. Minerals may 
also be separated by electrostatic methods, 
which depend on the fact that different sub- 
stances respond differently to the action of 
an electric field. If a mixture of minerals in 
a neutral state is allowed to fall on the 
highly charged surface of a rotor, a separa- 
tion of the different minerals will be made. 
They will fall into different bins as they fly 
away from the rotor through different dis- 
tances. 

Amalgamation. When the valuable metal 
in an ore is mostly gold, scattered through 
quartz or a similar material, it is usually 
recovered in a special kind of mill by the 
amalgamation process. This is based on 
the fact that gold adheres to mercury and 
forms with it an alloy called an amalgam. 

The ore is first crushed by a set of five 
stamps, forming a stamp battery. The 
stamps are set inside an iron box called a 
mortar. They are raised by cams keyed toa 
camshaft, and are then allowed to drop on 
the ore inside the mortar, crushing it. Water 


is fed into the mortar and forms a thin mud 
or slush with the crushed ore. As the 
stamps drop on the ore, the slush is 
splashed through a screen on the front side 
of the mortar. The screen is designed to 
regulate the size of the particles passing 
through it. Any particles that are too large 
are held back and subjected again to the 
pulverizing action of the stamps. 

A thin film of mercury is distributed 
over plates made of amalgamated copper 
and set at an angle. After passing through 
the screen of the mortar, the slush flows in 
a thin layer over the mercury film of the 
plates. The gold particles in the slush then 
form an amalgam with the mercury. At in- 
tervals, the gold amalgam is scraped from 
the plate and is squeezed with a chamois 
skin to remove the excess mercury. The 
amalgam is then placed in a cast-iron cruci- 
ble and the mercury is distilled off, leaving a 
sponge of gold. The mercury is recovered 
and is used again in the amalgamation pro- 
cess. 

The gold sponge is placed ina graphite 
crucible with one of the common fluxes, 
such as borax, soda, or silica, and subjected 
to intense heat. The flux fuses with any im- 
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The lead blast furnace has tapering sides, a water- 
jacketed smelting zone, and an internal crucible to 
hold the molten metal. The furnace is charged from 
the top with ore, flux, and coke (the fuel). A high 
degree of heat is maintained by blasts of air through 
tuyéres, Slag and molten lead are drawn off at inter- 
vals. Matte and sometimes speiss are also formed 
and drawn off. 


purities in the sponge and carries them off 
in the form of slag. The molten gold is 
poured into iron molds and is formed into 
bricks, 

_ Cyanide process. Another process that 
is widely used for the recovery of gold from 
its ores is the cyanide process. It is applied 
to ores free from sulfide minerals and to 
pulp from which the sulfides have been re- 
moved ina concentrating mill. In this pro- 
cess, the gold is dissolved ina solution of po- 
tassium or sodium cyanide. The solution 
containing the gold is allowed to flow 
through boxes or vats containing trays of 
zinc shavings. The cyanide combines with 
the zinc. The gold, in the form of sludge, 
falls to the bottom of the vat. It is flushed 
out by water, filtered, precipitated,- and 
dried. Eventually it is smelted. Sometimes 
the zinc shavings are replaced by zinc dust. 
A cyanide plant is often set up next toa 
gravity-concentration mill. 
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SMELTING 


The term smelting applies to the re- 
covery of metals from their ores by a pro- 
cess in which the fusion of the separate nar- 
ticles of a given metal plays a part. In sen- 
eral, smelting includes various he g 
processes to remove sulfur and other vola- 
tile constituents; reduction, or sme!iing 
proper, in which metals are fused and sepa- 
rated from gangue; and refining, in which 
remaining impurities are removed. 

At the smelting plant, the ore or 
centrate may require preliminary tr 
ment, involving the application of heat, 
before it is ready for the smelting furnace 
In the process called sintering, fine!) 
vided ore is partly fused, forming clink 
as heat is applied. Thus it is made + 
suitable for later treatment. The proces 
roasting has several stages. The first s 
is drying—that is, expelling any wsier 
that is not chemically combined with the 
ore. This is usually accomplished when the 
temperature reaches 100° Celsius. A ĉi 
ther rise in temperature drives off the 
chemically combined water, as well as vola- 
tile carbon-containing material. Carbonic 
acid is expelled from carbonates. This st age 
of the process is called calcination. As the 
temperature rises still higher, the ore is at 
tacked by the oxygen in the air, and oxides 
and sulfides of the meatals are formed. 

Before we consider smelting processes 
as applied to various metals, let us point out 
that metallurgy or, more particularly, smelt- 
ing is divided into two broad classifica- 
tions—ferrous and nonferrous. Ferrous 
metallurgy applies to the recovery of iron 
from its ores and to the making of steel, 
which is an alloy of iron. Nonferrous metal- 
lurgy is concerned with the recovery of 
common metals other than iron—metals 
such as copper, lead, and zinc. The smelt- 
Ing processes involving iron and its alloy 
steel are considered in the article “Steel” 
in The New Book of Popular Science. We 
shall discuss here the smelting of a few im- 
portant nonferrous metals, 


THE POINT OF NO RETURN 


In any or all of the processes we have 
described, there is what is called the “point 


f no return,” or “break-even point.” This 

oint is reached when the value of the min- 
val recovered at any stage of a process is 

sufficient to cover the cost of that particu- 
lar recovery. Further treatment then be- 
comes unprofitable. No other efforts are 
made to extract any more concentrate from 
the ore. The material is discarded. 

It is usually impossible to extract all of 
the mineral values in an ore. The milling 
lcsses in the treatment of any material may 
range from as low as 2 per cent to as high 

15 percent or even 20 per cent, depend- 
ing on the “point of no return.” 


ROUTINE ANALYSES 


it is customary to make a series of rou- 
tine analyses of the metal content and the 
value of the materials handled in the dif- 
ferent stages of mining and milling. Materi- 
als are usually analyzed by the dry assay or 
by the wet assay. 

In the dry, or fire assay for ores of the 


precious metals, an ore sample is mixed 
with fluxes and lead and then put into a 
crucible, which is heated in a furnace. The 


impurities in the ore form a slag with the 
fluxes. 

The precious metals (there are gen- 
erally more than one in a given sample) 
mbine with the lead, forming what is 
called button. The button is heated in a con- 
tainer known as a cupel, and the lead is 
changed to lead oxide as it combines with 
oxygen. The precious metals that have been 
freed from the lead are treated with acids so 
that they can be separated from one an- 
other. They are then weighed to indicate 
the precious-metal content in the original 
sample. 

The dry assay is sometimes applied 
to base metals, but only when extreme ac- 
curacy is not required. For accurate deter- 
minations, the wet assay is used. This con- 
sists of a series of chemical analyses. 

Products which are to be shipped to a 
smelter, either as mill concentrates or as 
crude ore from the mine, are assayed as a 
check against the analysis made at the 
smelter. The smelter people assay each lot 
of material as soon as it is received, as a 
basis for payment to the shipper. 


LEAD SMELTING 


Important lead ores include galena, 
cerussite, anglesite, pyromorphite, mime- 
tite, wulfenite, and jamesonite. Lead is 
recovered from its ores by smelting in an 
open-hearth furnace, blast furnace, or 
reverberatory furnace. Before smelting, 
the sulfur contained in the ore is largely re- 
moved by roasting or sintering. 

The open hearth is used mostly to 
smelt high-grade concentrates, containing a 
relatively small amount of other minerals. 
The hearth is shallow. The fuel is coke, 
which is kept blazing as air is blown 
through tuyéres set in the back of the 
hearth. The concentrates are fed to the 
hearth and are reduced in large measure to 
lead. The lead forms a molten mass at the 
bottom of the hearth. The molten slag resi- 
due floats on top. Both the lead and the slag 
are drawn off at intervals. The slag may 
contain a considerable amount of lead. It is 
usually sent to the blast furnace for further 
processing to obtain this metal. 

The lead blast furnace treats not only 
the slag from the open hearth but also low- 


An open-pit copper mine. Sulfide ores of copper 
are the most important. Copper is used in wire, 
among other things. 
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Operators work in the safety of a control room in a steel mill. 


grade mill concentrates and high-grade con- 
centrates containing a considerable quan- 
tity of metallic impurities. It is a shaft fur- 
nace, with tapering sides. It has a water- 
jacketed smelting zone and an internal 
crucible to hold the molten lead. The fur- 
nace is charged from the top with a mixture 
of ore, fluxing materials, and coke, which 
serves as the fuel. A high degree of heat is 
maintained by blasts of air from tuyéres. 
The molten lead sinks to the bottom of the 
furnace crucible, where it is drawn off. The 
lighter slag floats on top. Between the slag 
and lead, a matte develops—a sulfide con- 
taining gold, silver, lead, and copper. If ar- 
senic and antimony are present in the fur- 
nace charge, a substance called speiss is 
also formed. It is lighter than the lead but 
heavier than the matte and it forms a mol- 
ten layer between them. Speiss acts as a 
collector of other metals such as nickel and 
cobalt. 

The molten lead from the furnace is 
transferred to a so-called drossing kettle, 
where it is freed from impurities. It is then 
converted into bullion. The matte and 
speiss are specially treated in order to re- 
cover the metals they contain. 

The reverberatory furnace serves 
mainly to smelt lead scrap and byproduct 
material. This furnace is a long brick 
hearth with a low, arched roof. The source 
of heat is at one end and there is a flue at the 
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other. Lead and fluxes are charged in the 
hearth where the smelting takes place. The 
products include metallic lead and slag. 

After lead has been processed by 
smelting, it still contains small quantities of 
other metals—gold, silver, platinum, cop- 
per, zinc, bismuth, antimony, iron, nickel, 
and cobalt—and also of nonmetals such as 
sulfur and arsenic. The lead is refined to 
remove these “impurities” and is then con- 
verted into ingots, which are not less than 
99.7 per cent pure. Many of the impurities 
are recovered by various methods of treat- 
ment and are made into various kinds of 
salable products. 


ZINC 


Among important zinc ores are sphal- 
erite, smithsonite, calamine, zincite, wille- 
mite, and franklinite. In recent years, since 
the efficient development of selective flota- 
tion, zinc-bearing flotation concentrate may 
have a zinc content as high as 50 per cent. 
Hence much of the zinc processed in zinc 
smelters is now in the form of flotation con- 
centrate. 

The preliminary treatment stages in- 
clude sintering and roasting. After these 
stages, however, zinc metallurgy differs 
widely from that of either copper or lead. 
No blast furnaces are used. In one method, 
the zinc is distilled in furnaces, consisting 
of banks of retorts made of clay or car- 
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borundum and provided with condensers. 
A the gas that serves as fuel is turned on 
in furnace, a period of about two hours 
is required for the preliminary reactions. 
fhe fumes in the condensers become pur- 
ple and then show tinges of green from the 
burning zinc. In the condensers, the zinc 


vapor is condensed into liquid form and is 
drawn off at intervals. The distilling is gen- 
erally performed in a cycle of 24 hours, al- 


though sometimes a 48-hour cycle is 
adopted. The zinc recovered from the con- 
denser is called spelter. It accounts for 
about 75 per cent of the total quantity of 
zinc recovered. The rest is in the form of 
“blue powder,” or zinc dust. In efficient 
operations, 90 per cent of the zinc con- 
tained in the concentrates is recovered. The 
spelter is refined by removal of the lead and 
cadmium it contains. 

Zinc is also extracted from its ores by 
the electrolytic-zinc process, a later devel- 
opment. In this, the zinc ores are first 
leached in dilute sulfuric acid. The zinc is 
then obtained in the metallic state by the 
electrolysis of the resulting solution. Zinc 


COPPER 


There are three general types of cop- 
per ores: native copper ores, oxide ores, 
and sulfide ores. The principal oxides are 
malachite, aurite, cuprite, atacamite, and 
brochantite. The sulfides are the most im- 


portant from the standpoint of world sup- 
ply. They include chalcocite, chalcopyrite, 
covellite, bornite, and copper-bearing 
pyrite. 

During the smelting of copper-sulfide 
ores, the products called slag and matte 
are formed. Slag is produced by the gangue 
of the ore and the flux that is added to it. 
Matte results from the fusion of the metallic 
sulfides. The object of the smelting process 
is to make the slag as worthless as possible, 
liquid enough to flow freely, and light 
enough so that it may easily be separated 
from the matte. 

The blast furnace formerly played a 
very important part in copper metallurgy. 
Nowadays this type of furnace serves prin- 
cipally for working up refinery slags or for 
other secondary materials, The modern 
copper blast furnace consists of a water- 
jacketed rectangular shaft, which is about 
13 meters high, 5 to 15 meters long, and 
about 1'/, meters wide. The furnace is 
provided with tuyéres, or nozzles, through 
which air can be blown. The charge of the 
furnace consists of ore, fuel, and a flux. As 
the charge melts down in the furnace, the 
slag and matte, both in molten form, are 
separated. The slag is lighter than the matte 
and floats on top of it. The slag is discarded. 
The matte is drawn off and passes into 
ladles. These carry it to a copper converter, 
described on the following page. 
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The reverberatory furnace used in cop- 
per smelting serves for the finer ores and 
also for flotation concentrates. These con- 
centrates have made up the major portion 
of the smelter’s intake in recent years. The 
reverberatory furnace is so called because 
heat is reflected from the roof onto the ma- 
terial that is being treated. The furnace con- 
sists of a horizontally disposed hearth, 
which is sometimes 15 meters long by 3 
meters wide. The ore and flux are placed in 
the furnace and subjected to the action of 
flames from an adjacent fuel-combustion 
chamber. The material to be heated does 
not come in contact with the fuel, as is the 
case with the blast furnace. In the reverber- 
atory furnace, the matte and slag are sepa- 
rated and drawn off in much the same way 
as in the blast furnace. 

The molten matte, whether derived 
from the blast furnace or reverberatory fur- 
nace, passes to the converter. In this ves- 
sel, iron and sulfur are removed as streams 
of air are forced through the liquid mass. 
The iron and sulfur in the matte are ox- 
idized, leaving molten copper plus certain 
impurities (which may include gold and 
silver). At this stage, the molten copper is 
called blister copper. It is sent to the 
refinery for further treatment. 


Blister copper is now refined almost 
entirely by the electrolytic process. It is 
first subjected to heat as a preliminary step 
in removing impurities. The copper is then 
cast into anodes (positive poles) in the form 
of flat, rectangular plates. It is now ready 
for the electrolytic tank, containing the 
solution through which an electric current 
will be passed. Hooks or ears are cast in the 
two upper corners of the anode so that it 
may be properly suspended in the solutio 
tank. As electric current is applied, the 
anode is gradually dissolved and pure cop 
per is deposited on the opposite electric 
pole, the cathode. Any precious metals that 
were contained in the anode are collected 
as slime or sludge in the bottom of the tank 
They are recovered by subsequent treat 
ment. 

The cathode copper is cast into forms 
suitable for commercial use: wire bars, 
wedge bars, cakes, slabs, and billets for 
rolling and wire drawing; ingots and ingot 
bars for remelting. 


ALUMINUM 


Aluminum is the most abundant ele 
ment on the face of the earth, making up 
about 8 per cent by weight of the outer part 
of the earth’s crust. It is never found free in 


The reverberatory furnace used in copper smelting consists of a horizontal hearth. 
Ore and flux are placed in it and are subjected to the action of flames from an adjacent 
fuel chamber. Heat is reflected from the roof of the furnace onto the ore and flux. Matte, 
which is valuable mineral matter, and slag are formed and drawn off. 
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e but is always combined chemically 
oxygen plus other elements. There is 

y one ore—bauxite—from which it can 
be extracted in substantial quantities com- 
cially, at least up to the present time. 
ixite is found in France, Surinam, Brit- 

Guiana, Hungary, and Italy, among 

ier places. 

The first step in the production of alu- 
minum is the preparation of pure alumina, 
or aluminum oxide (AI,05), from bauxite. 

bauxite is treated with sodium hydrox- 
ic yielding sodium aluminate. As this 
cools in precipitating tanks, aluminum hy- 
droxide is formed. Alumina is then ob- 
tained by calcination. 

he best-known process for the reduc- 
tion of aluminum from alumina involves the 
electrolytic decomposition of alumina. This 
is called the Hall-Héroult process. It was 
discovered independently by the U.S. sci- 
entist Charles M. Hall and the French sci- 
Paul-Louis-Toussaint Héroult in 
1856. The alumina is dissolved in a bath of 
molien cryolite, which is kept at a tempera- 
ture of about 1,000° Celsius. The molten 
bath, or electrolyte, is contained in a cell— 
a rectangular box of steel with a double 
lining. The lining next to the steel is a 
poor conductor of heat and electricity. On 
the inner side of this lining, there is a 
heavier one of carbon, which serves as a 
cathode in the electrolytic reaction. A set of 
carbon anodes is suspended in the bath. 
When current is passed through the electro- 
lyte, alumina is converted into molten alu- 
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minum and oxygen. The aluminum, being 
heavier than the cryolite, sinks to the bot- 
tom of the cell. The oxygen is deposited on 
the carbon anodes, which are gradually 
consumed. The liquid aluminum is drawn 
off through a tap hole in the side of the fur- 
nace. Practically no change takes place in 
the cryolite during the electrolytic opera- 
tion. Alumina is stirred into the bath at in- 
tervals in order to keep the operation going. 
It takes something like 25 kilowatts of elec- 
tricity to produce a single kilogram of alu- 
minum. Hence cheap electric power is 
required. Most aluminum reduction works 
are located near large hydroelectric devel- 
opments. 


OTHER METALS 


Many important metals, other than 
those mentioned above, are recovered from 
their ores by metallurgical processes. 

Numerous minor metals, which are im- 
portant commercially, are recovered as 
metallurgical by-products during the re- 
duction of various major metals. By way of 
example, cadmium, germanium, and in- 
dium are byproducts of zinc metallurgy. 
Selenium and tellurium are found in flue 
dusts and in the slimes of electrolytic refin- 
ing. Rhenium is found in molybdenum 
roaster dusts. 


ALLOYS 


An alloy is an intimate mixture of 
metals, or of metals and nonmetals. It has 
been defined as “a substance having me- 


Aluminum is derived from alumina by the 

Hall-Héroult process, which involves 
+ electrolytic decomposition. The alumina 
is dissolved in a bath of molten cryolite 
contained in a cell, which is a steel box 
with a double lining. The inner lining is 
made of carbon and serves as a cathode, 
or negative electrode. A set of carbon 
anodes, or positive electrodes, is sus- 
pended in the bath. When electric current 
is passed through it, alumina is converted 
into molten aluminum and oxygen. The 
oxygen is deposited on the carbon 
anodes, which are gradually consumed. 
Aluminum is heavier than cryolite. Con- 
sequently it sinks to the bottom and is 
drawn off. 
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tallic properties, consisting of two or more 
metallic elements or of metallic and nonme- 
tallic elements, which are miscible with 
each other [that is, which can be mixed with 
each other] when molten, and have not sep- 
arated into distinct layers when solid.” 
Almost all commercial metal products 
are alloys. Metals are seldom used com- 
mercially in the pure state. Steel, for ex- 
ample, is an alloy of iron, carbon, and other 
elements. There are thousands of different 
kinds of steel. Brass is an alloy of copper 
and zinc; bronze, an alloy of copper and tin; 
German silver, an alloy of copper, zinc, and 
other metals; Monel metal, an alloy of 
nickel, copper, and other elements. There 
are also alloys of precious metals. White 
gold is gold alloyed with 25 per cent nickel 
and zinc, making it look like platinum. Ster- 
ling silver is an alloy of silver and other 
metals, with silver making up 92.5 per cent. 
The metal that makes up the chief part 
of an alloy is called the basic component. 
Iron is the basic component of steel. Cop- 
per is the basic component of cupro-nickel, 
which consists of 70 per cent copper. 
Alloys can be divided into ferrous and 
nonferrous types. Iron is the basic compo- 
nent of ferrous alloys. In nonferrous alloys, 
the basic component is any other metal. 
Here we shall touch briefly on some of the 
important nonferrous alloys. 
Copper alloys. Copper is an ingredient 
in many important alloys. These include 
aluminum bronze, manganese bronze, 


typewriter metal, nickel silver, gun me 
cartridge brass, pewter, German silver, 
hard and soft solders, and many other 
products. The copper content in these 
alloys ranges from 50 per cent to 90 per 
cent. Copper is also used as an alloyin 
ement added to other metals. It incre 
corrosion resistance appreciably. 

Lead alloys. Lead alloys are nume 
and important. They include type metal, |i 
notype metal, engraving plates, pe 
cable sheathing, white metal, battery pl 
and lead foil. The lead content ranges fr 
18 per cent to 99.8 per cent. Lead is an 
portant ingredient in special solders us 
solder lead, zinc, copper, and brass. It 
serves in certain alloys with the low me! 
point. These serve in fuses and autor 
ic-sprinkler systems. 

Zinc alloys. Zinc is an important in; 
dient in a great many alloys, including 
minum solders, fusible solders, white 
solders, zinc babbit, and battery plates. It 
forms many alloys with copper, lead, ti 
and nickel. It is also widely employe 
galvanizing ferrous metals. 

Aluminum alloys. Aluminum alloys are 
available in great variety and have a wide 
range of physical and mechanical proper- 
ties. They are used, among other things, for 
sheets, bars, strips, wire, structural sec- 
tions, tubing, and pipe. The aluminum alloys 
used in structural members are much 
lighter than steel, yet they compare favor- 
ably with it in strength. 


Ferrochrome plant. Chrome, an essential ingredient in stainless and other chromium 
Steels, is tapped from this smelter. The molten chrome is allowed to cool, broken up, and 


shipped. 
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STEEL 


Fhe story of steel—an alloy with an 
i vase—is in large part the story of our 

iological progress. Out of the molten 
metal that flows from the furnaces where 
s is made come imposing bridges, lofty 
towers, ocean liners, electrical equipment, 
f tools, home equipment, food contain- 
€ ind a vast number of other products. 
I world production of steel comes to 
mony hundreds of thousands of metric tons 
p ear. The United States, the Soviet 
Union, and Japan produce a substantial 
pari of the total tonnage. 

steel is one of the most versatile of ma- 


te ;, It can be made hard enough to cut 
gl or pliable enough to serve as a paper 
clip or the sheet metal used for tin cans. 


S can be made resilient, for the springs 
o omobiles or typewriters, or rigid, for 
the wheels of railway cars. It can be drawn 
into wire a hundredth of a centimeter thick 


or fabricated into giant girders for bridges 
and buildings. It can be made resistant to 
heat, rust, and chemical attack. The basic 
materials from which steel is made—iron 
ore, bituminous coal, and limestone—are 
relatively abundant. 

EARLY HISTORY 


Modern historians believe that various 
Asian civilizations knew how to make steel 
from iron as early as 500 B.c. The steel 
made in India was apparently of good 
enough quality for manufacture into 
various kinds of surgical instruments, ac- 
cording to medical writings that date from 
400 to 300 B.c. Indian steel was used to 
fashion the celebrated swords of Damas- 
cus, in ancient Syria. 

Steel was produced in exceedingly 
small quantities in those days. The most im- 
portant metal then and for many centuries 
thereafter was iron. It is not known how 
long ago man first learned to extract iron 
from its ore. This discovery must have been 
made long before 1300 B.C. , since in that 
period objects of iron were made, some of 
which have survived. 

Throughout the Greek and Roman 


Werner Muller, Peter Arnold 
Steel—the skeletal material of modern construction. 


periods and for most of the Middle Ages, 
the malleable iron called wrought iron was 
particularly important. Cast iron also came 
to be manufactured in quantity in Europe 
beginning with the fourteenth century A.D. 
Little progress in the refining of large quan- 
tities of iron into steel could be made until 
the chemical nature of steel was under- 
stood. In 1781, the Swedish chemist Tor- 
bern Olof Bergman made one of the earliest 
attempts to analyze steel scientifically. He 
defined wrought iron, cast iron, and steel in 
terms of the amount of carbon that each 
contained. 


THREE IRON ALLOYS 


Today we know that wrought iron, cast 
iron, and steel are all mixtures of carbon 
and iron (plus other substances) and that 
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the carbon is chiefly responsible for their 
strength. Wrought iron is low in carbon 
content, containing less than 0.2 per cent. 
It is the softest of the three alloys. It can be 
hammered and twisted into a variety of 
shapes, which accounts for its name. Cast 
iron is much harder, although it is relatively 
brittle. This is because of its high carbon 
content of 2.0 to 4.5 per cent. For centuries 
this alloy has been molded, or cast, into 
useful forms. The carbon content of steel 
lies between these two extremes. It is gen- 
erally less than 1.2 per cent. Steel pos- 
sesses some of the malleability of wrought 
iron and is stronger than cast iron. 

Even after the nature of steel was 
roughly understood, manufacturers con- 
tinued to produce it only in small amounts. 
Steel began to be used widely in the 1850s 
with the invention of the Bessemer process, 
which made steel available in far greater 
quantities than before. Bessemer steel pro- 
vided much of the metal used for the early 
railroads and the first skyscrapers. The 
open-hearth process, introduced in the 
1860s, was the next important develop- 
ment. The twentieth century saw the in- 
troduction of the electric furnace, oxygen, 
and vacuum processes of making steel. 


IRON—THE RAW MATERIAL 


Iron, the chief raw material of steel, is 
the fourth most abundant element in the 
earth, exceeded only by oxygen, silicon, 
and aluminum. Iron very rarely occurs in 
nature as a pure metal. Nearly always, it is 
chemically imprisoned in compounds that it 
forms with other elements. 

Most iron-ore minerals are oxides, or 
compounds of oxygen and iron. The most 
important of these minerals are hematite, 
limonite, and magnetite. Hematite is a com- 
mon reddish ore. In its pure state it is 70 
per cent iron. Pure limonite contains about 
60 per cent iron. Magnetite is a black mag- 
netic oxide, with an iron content of 72.4 per 
cent. 

Iron ores also contain minerals that are 
considered impurities. Most abundant are 
silica and clay. Taconite is an iron ore con- 
sisting of iron oxides embedded in silica 
minerals. This makes it harder to process. 


STEEL 


AN ABUNDANT ORE 


Great quantities of iron ore are mined 
in the Americas. In the United States, the 
chief source of supply for the steel industry 
is the Lake Superior district, in the states of 
Minnesota, Michigan, and Wisconsin. The 
mines of the Mesabi range, in Minnesota, 
are outstanding. Most of the iron used in 
U.S. steel mills comes from the Lake Supe- 
rior district. There are also important iron- 
ore resources in Alabama, New York, 
Texas, Wyoming, and other states. 

Phenomenally rich deposits have been 
discovered near the Labrador-Quebec 
border, in Canada. Other deposits are 
found in Canada’s Lake Superior region. 
There are vast iron ore resources in the 
state of Minas Gerais, in Brazil, and in the 
mountain called Cerro Bolivar, in Vene- 
zuela. 

The iron mines of Luxembourg and Al- 
sace-Lorraine are among the most produc- 
tive in Europe. A great deal of ore is mined 
in northern Spain and Sweden. The iron- 
ore deposits of the Soviet Union are widely 
distributed in both the European and Asian 
sections of the country. India has great 
iron-ore resources. So have China and the 
Philippines. Iron ore is mined in northern 
Africa. There are large reserves in the 
Union of South Africa. All in all, there is no 
scarcity of iron in the crust of the earth. 

Where iron ore lies near the earth’s 
surface, it is generally scooped up by giant, 
electrically operated shovels and dumped 
into railway cars or trucks. This is called 
open-pit mining. Most of the ore mined in 
the United States today is extracted by this 
method. Where the ore is too far below the 
earth’s surface, underground mining is un- 
dertaken. 


SMELTING 


To release iron from its chemical pris- 
on of ore, it must be smelted in the blast fur- 
nace. Two materials are essential in the 
smelting process—coke (derived from bi- 
tuminous coal) and limestone. In the fur- 
nace, the coke generates heat and gases 
that reduce the iron from its ore and melt it. 
As this takes place, the iron picks up car- 


yn from the coke. Limestone serves as a 
fi that is, it fuses with various impu- 
ities in the iron ore and carries them off in 

e form of slag. 

The coke that is used in the blast fur- 
nace is prepared from coal in ovens. Here 
utile substances in the coal are va- 
zed and driven off, leaving behind a 

substance—coke—that is about 90 
per cent carbon. This process is called cok- 

Originally coking was done in beehive 

so called because they resembled 
beehives in shape. Coal was charged 
through openings in the roof of the ovens. 
As the coal was heated, volatile gases were 
g off. These were ignited and escaped 
tł sh. the opening in the roof. When 
c ists began to extract valuable by- 


products from the gases given off in coking, 
the so-called by-product ovens were devel- 
op Coal is transformed into coke in 


these ovens, and the volatile products of the 
heated coal are piped into a chemical plant. 
Here they are treated to yield coal tar, am- 
monia liquor, and other valuable sub- 
stances. They have almost entirely re- 
placed beehive ovens. 

The limestone that is used in the blast 
furnace is generally extracted from quarries 
that are in effect open-pit mines. Limestone 
is crushed at the quarries to uniform lump 
si Then it is screened and washed. 
Great care is taken to eliminate any clay. 

Today’s blast furnace is a tapering cyl- 
inder of steel, over 30 meters tall, with a 
thick lining of heat-resistant brick. Each 
furnace is connected to three or four dome- 
topped stoves. These are cylindrical 
towers, filled with a checkerwork of heat- 
resisting brick. The brickwork is heated by 
burning gases. Air is then blown through 
the stoves, picking up heat from the bricks. 
The air, reaching a temperature of up to 
1,100° Celsius, is driven into the bottom of 
the blast furnace at a speed of from 320 to 
480 kilometers per hour through a set of 
evenly spaced nozzles, called tuyeres. The 
blast of hot air accounts for the name “blast 
furnace.” In some modern blast furnaces, 
fuels such as natural gas, oil, and pulverized 
coal are enriched with oxygen and injected 
at the tuyeres. 


National Steel Corporation 


Top: iron that will be used in the manufacture of steel 
is often stored in pellet form. Bottom: coke ovens are 
used to prepare the coke that will be used together 
with limestone in the process of smelting iron ore. 


National Steel Corporation 


Little cars, called skip cars, shuttle up 
and down an inclined runway leading to the 
top of the blast furnace. When they reach 
the top, the cars dump their carefully 
weighed loads of iron ore, limestone, or 
coke into a receiving hopper. The charge 
falls into the furnace through two devices 
that are called bells—a small one above, a 
larger one below. These are arranged so as 
to prevent the escape of heat and gases 
from the furnace. As the coke comes in 
contact with the blast of hot air from the 
stoves, it burns fiercely. It produces hot 
carbon-monoxide gas, in which the iron ore 
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Right: molten iron is produced in the blast furnace. 
Here, the molten iron is being tapped from the fur- 
nace, Below: molten iron from the blast furnace is 
being used to charge an oxygen, or LD, furnace. The 
oxygen furnace is similar to the older Bessemer con- 
verter, but, since pure oxygen is used to drive out im- 
purities, the steel is of high quality 


both photos, Republic Steel Corporation 
is bathed. The resulting chemical reaction 
causes the ore to lose much of its oxygen. 

The furnace is hotter at the bottom 
than at the top. As the raw materials near 
the bottom melt and decrease in volume, 
the entire mass of the charge descends. The 
iron ore loses more of its oxygen. The lime- 
stone begins to crumble. Fusing with the 
sandy impurities of the ore and the ash left 
by the burning coke, it forms a slag. At the 
very base of the hearth, the materials are 
completely melted. They form a pool of 
molten iron, on which liquid slag floats. 

A blast furnace works continuously, 
producing up to 2,700 metric tons of iron 
per day. It runs until repairs are needed or 
until the demand for the output falls off. 
Every four or five hours the furnace is 
tapped. The molten iron gushes out from a 
tap hole and flows down a trough into a 
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huge container, called a /adle. Some ladles 
have flat, open tops and hold from 35 to 45 
metric tons of iron. Others are cylindrical, 
with a small opening on top. They have a 
capacity of 150 to 180 metric tons. The 
ladles keep the iron in a molten condition 
while it is being delivered to the steelmak- 
ing departments. 

Sometimes the molten iron is poured 
from the ladles into a series of molds 
mounted on a slowly moving chain. In the 
molds, the iron solidifies into rectangular 
lumps, called pigs, weighing from 20 to 45 
kilograms each. These lumps account for 
the name pig iron, applied to iron smelted in 
a blast furnace. Pigs are sold to steel mills 
that do not process their own iron and to 
foundries that manufacture cast-iron prod- 
ucts, such as bathtubs and automobile cyl- 
inder blocks. 

The slag is run off from a separate hole, 
called the cinder notch, and flows down a 
trough into a ladle. Slag is used in the manu- 
facture of cement and wallboard and is 
made into mineral wool for insulation mate- 
rial. Other waste products are also put to 
use. Valuable iron oxide and potash are 


recovered from the dust in the gases gen- 
erated in the blast furnace. The gases 
themselves are cleaned and piped back as 
fuel to heat the stoves. Automated control 
of blast furnaces with computers permits 
the automatic feeding of raw materials. 
This increases the efficiency of blast fur- 
na 


MAKING STEEL 


About 90 per cent of the iron smelted 
in the blast furnace is destined for the steel- 
ing operation. This iron is by no means 
It has absorbed from 3.5 to 4.5 per 
sent carbon from the coke used in the blast 
furnace. It also still contains some of the 
impurities present in the iron ore, such as 
manganese, silicon, phosphorus, and sulfur. 
To be converted into steel, it must be 
refined by one of the steelmaking process- 
es: Bessemer, open-hearth, electric-fur- 
nace, oxygen-furnace, and vacuum. 


BESSEMER PROCESS 


The Bessemer process of steelmaking 
was discovered independently and almost 
simultaneously by a U.S. citizen, William 
Kelly, and a British subject, Henry Bes- 
semer, in the 1850s. Bessemer steel is made 
by blowing air through molten iron in a con- 
verter—a pear-shaped, tilting container 
made of steel plates and lined with heat- 
resisting bricks and clay. The converter is 
open at the top and has a double bottom. 
The space between the upper and the lower 
parts of the double bottom forms an air 
chamber, known as the wind box. The top 
of this air chamber is perforated with a 
number of holes. 

The converter is tilted on its side in 
order to receive a charge of molten pig iron. 
Then, as the converter is returned to the 
vertical position, air is blown into the wind 
box at a pressure of from 1.5 to 2 kilograms 
per square centimeter and at the rate of 775 
to 850 cubic meters per minute. The air 
pressure is sufficient to keep the molten 
iron from making its way through the holes 
at the top part of the wind box. It also 
serves to force streams of air through the 
metal bath. 

When the air blast is turned on, a 


Microscopic section of steel. 


shower of sparks bursts from the mouth of 
the converter. Short, ruddy flames appear, 
accompanied by brown fumes, marking the 
early burning of manganese and silicon. 
The color of the flame rapidly changes to 
yellow, as the silicon burns away. After the 
silicon has been oxidized, the flame turns a 
brilliant white, marking the combustion of 
carbon. When the flame dies down, the con- 
verter is tilted and the steel is poured into a 
ladle. The entire operation takes from fif- 
teen to twenty minutes. 

The blown metal contains practically 
no manganese or silicon and very little car- 
bon, but it has the original phosphorus and 
sulfur of pig iron. It also contains about 0.1 
per cent of oxygen, dissolved in it because 
of the air blast. The oxygen must be re- 
moved before the steel is forged or rolled. 
This is done by adding an alloy of iron and 
manganese to the blown metal as it is 
emptied into the ladle. The manganese 
combines with the oxygen in the metal, 
forming a slag. 

Since the invention of finer and higher- 
capacity processes for making steel, Bes- 
semer production has steadily fallen off. 
Only a fraction of the existing Bessemer 
converters in the United States are used in 
preparing the hot-metal charge for open- 
hearth furnaces, which we shall describe 


next. 
Bessemer steel, however, has certain 
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advantages over other steels. It can be cut 
or machined into various shapes more con- 
veniently than the ordinary steel processed 
by open-hearth furnaces. It can be welded 
and is consequently used for certain types 
of welded piping. 


OPEN-HEARTH PROCESS 


Much steel nowadays is made in open- 
hearth furnaces. In the United States, this 
method of steelmaking once accounted for 
90 per cent of the total production. The fur- 
naces process not only pig iron but also 
vast quantities of steel scrap—junked au- 
tomobiles, railway cars, and other dis- 
carded steel objects and also the waste ac- 
cumulating in mills and factories. 

The open-hearth furnace is so called 
because its hearth, or floor, is exposed to 
the sweep of the flames that melt the metal. 
The furnace is a rectangular, completely 
enclosed brick structure, built to operate at 


Steel sheet, one of the end products of steel making, 
comes off "cold-rollers” in a finishing mill. Steel sheet 
is used in automobile bodies and oil drums. 


US. Steel 
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1,600° Celsius. The charge of th nace 
consists of pig iron, scrap steel ore, 


and limestone. The limestone is u n the 
same way as in the smelting ope yn. It 
combines with impurities in the r | and 


forms a slag. The charge is carrie: o the 


open hearth by a charging machin ough 
mechanically operated doors. T} have 
peepholes through which meltin n be 
observed. 

The fuel, which may be r il or 
coke-oven gas, oil or tar, or a cor ition 
of two or more of these fuels, is b into 
a burner above each end of the he )nly 
one of these burners is operated ime. 
At the burner, the fuel is m with 
previously heated air and is ignit the 
flame sweeps down and across rth, 
smoke and other products of co tion 
escape through a port at the end site 
the burner, 

In a large number of open-! fur- 
naces, a lance (a sort of pipe) i rted 
through the roof and oxygen i: cted 
through the lance onto the surfa f the 
molten steel. This operation serv ffec- 
tively to burn out the impurities in mol- 
ten pig iron. 

Beneath the furnace are two large heat- 
ing chambers, called regenerators. They 


contain a checkerboard arrangement of 
firebrick. As the hot products of combus- 
tion in the furnace pass out through the port 
and into one of the chambers on their way 
to the chimney, they heat the bricks of the 
chamber. At the same time air enters the 
other chamber, which has been previously 
heated in the same manner, on its way to 
the burner above the hearth. When the 
bricks in this chamber no longer give up 
enough heat, the operation is reversed. 
Fuel and air are now directed to the other 
burner. The chamber that has been heating 
the incoming air now becomes heated by 
the products of combustion. This change 
takes place every ten to fifteen minutes. 
Generally, about twelve hours are 
required to produce a heat, or batch, of 
open-hearth steel. When a heat has been 
completed, the furnace is tapped. A plug in 
the back wall is blasted or knocked out, and 
the molten steel flows into a great ladle set 


in a pit in back of the furnace. The liquid 
slag floats on top and overflows into a slag 
pot. As the molten steel fills the ladle, the 
final additions of alloying substances are 
ma giving the steel the exact composi- 
ior efully specified by the customer. 


CTRIC FURNACE 

Steels that are to contain a particularly 
high percentage of various alloying metals 
are made almost exclusively in the electric 


furnace. Some plain carbon steels and low 
alloy steels are also produced by this pro- 
cess. In the electric furnace, steel is melted 
by the heat of an electric arc (really a con- 
tinuous spark), which provides a tempera- 
ture of about 1,800° Celsius. No fuel or air 
is needed in the electric furnace and, as a 
result, it is possible to control the amount of 
oxygen entering the furnace. Thus the oxy- 
gen content of the steel can be kept to the 
minimum. Besides, expensive alloying ele- 


ments can be added without much loss 
through oxidation, or combining with oxy- 
gen. 

The average electric furnace is a circu- 
lar steel shell resembling a huge tea kettle, 
lined throughout with heat-resisting brick. 
Its capacity is from 5 to over 90 metric 
tons. Three carbon electrodes extend 
through the dome-shaped top into the fur- 
nace, carrying the current to the steel 
charge. Each electrode can be raised or 
lowered independently of the others. In 
general, the closer the electrodes are to the 
charge, the more heat is produced. On one 
side of the furnace is a charging door, as in 


Bethlehem Steel Corporanon 


top and bottom right photos, Republic Steel Corporation 


Top: Steel blooms are manufactured in a blooming 
mill. A steel ingot, such as the one below, is passed 
back and forth several times until the desired shape is 
achieved. Bottom left: steel being forged for industrial 
use. Forging is used to make products such as train 
wheels, axles, and other simple, heavy objects. 
Workers turn the steel and hammer it until the right 
shape is formed. 
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the open-hearth furnace. On the other side 
is the tapping spout. The furnace can be 
tilted to pour off the molten steel and slag 
through this spout. 

The method most frequently used in 
the operation of the electric furnace is the 
cold-melt process, so called because cold 
steel scrap makes up the charge. With the 
furnace charged, the current is turned on. 
As each electrode is lowered, electric cur- 
rent jumps the gap between the electrode 
and the scrap, thus forming an arc. A vio- 
lent noise like crackling gunfire is heard 
within the furnace as the arcs leap and 
break. The intense heat they generate melts 
the charge until the entire mass is seething. 

There are two chief stages in the cold- 
melt process. In the first, the scrap is com- 
pletely melted. Iron ore is added to the mol- 
ten metal in order to oxidize silicon, manga- 
nese, phosphorus, and carbon. A slag is 
formed. It floats on top of the molten steel 
and is skimmed off with wooden rakes. In 
the second stage, a new slag is formed by 
adding materials such as calcium oxide and 
ferrosilicon, an iron-silicon alloy. The calci- 
um oxide acts to reduce sulfur and carbon. 
The ferrosilicon removes oxygen and helps 
remove sulfur. 

In the second stage, carefully mea- 


Bethlehem Steel Corporation 
so 


sured amounts of alloying metals are added 
and the temperature is adjusted so that 
reactions take place at the proper rate, 
After a total of four to twelve hours, ac- 
cording to the size of the furnace and the 
kind of steel that is being made, the heat is 


ready to be tapped. During the tapping, alu- 
minum pellets may be thrown into ladle 
to counteract oxidation by air. 


OXYGEN (LD) PROCESS 


The oxygen steelmaking pro has 


become increasingly important. | is de- 
veloped in Austria by Linnz Don- 
newitz, and is sometimes known e LD 
process, from the first letters their 
names. Introduced into the United States in 
1954, it proved to be most effec The 
LD process is now very import: 1 the 
United States. It rivals, if not surp ;, the 
open-hearth method in volume steel 
production. 

In the LD process, the furn is a 
lined vessel, shaped something like a Bes- 
semer converter. It is tilted and charged 


with scrap and molten iron. Then it is re- 
turned to the vertical position and flux is 
added. A jet of high-purity oxygen is now 
directed from above through a lance onto 
the molten metal, and it serves to burn out 
impurities. The furnace is tilted again so 
that the purified metal may be tapped. It 
can be seen that the process is similar in 
some respects to the Bessemer method of 
steelmaking. However, in the latter, it is air 
that is blown through the molten iron, and 
air contains only 21 percent oxygen and 78 
per cent nitrogen. In the LD process, in 
which pure oxygen is used, nitrogen does 
not enter the steel in significant amounts. 
This is most important, since nitrogen 
makes steel altogether too brittle for certain 
end purposes. 


VACUUM PROCESSING 


Vacuum processing causes steels to ac- 
quire improved mechanical and physical 
properties. In vacuum melting, the refining 


Steel wire is manufactured by drawing steel through 
narrow holes, or dies. Exceedingly thin wire can be 
formed by Passing the steel through successively 
smaller holes. 


action takes place in a special vacuum melt- 
ing chamber. The heat is furnished by elec- 
tric means, such as induction and the elec- 
tric arc. In vacuum degassing, molten steel 
is poured into a high-vacuum chamber in 


order to remove unwanted gases. The vacu- 
um causes the stream of molten metal to 
separate into droplets. These are freed from 
the gases they contain by the time they 


reform again. The main purpose of vacuum 
processing—in both the melting and de- 


gassing operations—is to prevent. un- 
wanted contamination with gases during 
the charging, melting, and tapping opera- 
tions. Vacuum-processed steel is used, 
among other things, for turbine shafts and 
high-stress ball and roller bearings. It 


serves also in parts for aircraft and space 
vehicles, where extreme and varying condi- 
tions are often encountered. 


SHAPING STEEL 
TEEMING 

A fter steel has been processed by one 
of the methods we have just described, it is 
ready to be poured, or teemed, into ingots. 
The ladle containing the molten steel is 
lifted by an electric crane and moved over a 
row of ingot molds set on flat-bottom cars. 
The size and shape of the ingot molds vary, 
depending on the end products for which 
they will be used. Generally, however, they 
look like long boxes set on end. They taper 
somewhat toward the upper end. 

A hole in the bottom of the ladle is 
opened over each mold and the steel pours 
in. After the metal has cooled and solidi- 
fied, the molds are removed by a stripper— 
a pair of giant tongs, suspended from an 
overhead crane. The stripper catches hold 
of two lugs near the top of each mold and 
lifts, or strips, the mold from the ingot. The 
ingot is the first solid form of steel. Open 
hearth ingots for rolling may weigh 5 to 25 
metric tons. Bessemer and electric furnace 
ingots usually weigh less. 


ROLLING 


The next step in the shaping of steel is 
rolling, or passing the steel between rolls. 
This process modifies the internal structure 


of the steel and also serves to form it into 
desired shapes. Before the metal can be 
rolled, the ingot must be uniformly heated. 
To provide a temperature of 1,200° Celsius 
from core to outer surface, the ingot is kept 
in a deep, covered furnace, known as a 
soaking pit, for a period of from one to eight 
hours. This process is called soaking. 

The first rolling of steel converts ingots 
into forms called blooms, billets, and slabs. 
A bloom is generally square or rectangular 
in cross section. Its cross-sectional area is 
more than 230 square centimeters. Billets 
may also be either square or rectangular in 
cross section. Their cross section is smaller 
than that of blooms. In general, slabs are 
wider and flatter than billets. 

The most generally used type of 
blooming mill has two smooth, cylindrical 
rolls, made of chilled cast iron or special 
alloy steel. These rolls, turning in opposite 
directions like a clothes wringer, grip the 
plastic, hot steel and pull it through, making 
it thinner and longer. By moving levers, the 
roller-—the operator in charge of the 
rolling operation—can reverse the direc- 
tion of the rolls and can pass the ingot back 
and forth. Each time the rolls are brought a 
little closer together, so that after each pass 
the ingot is flatter and longer. From time to 
time the ingot is turned over, so that the 
sides are also thoroughly worked. This type 
of blooming mill is called a two-high—that 
is, two-rolls-high—reversing mill. Blooms 
are also prepared in three-roll mills, called 
three-high mills. 

After the ingot has become a bloom, it 
goes along a runway to a heavy blade, 
called a shear, which trims off its two 
ragged ends and cuts it into sections. The 
steel that is trimmed goes back to the fur- 
nace as scrap. 

The process of rolling ingots into slabs 
is much the same as the bloom-preparing 
process, except that four-high reversing 
mills are used. In these, the ingot passes 
only between the two middle rolls, which 
are smaller than the other two. The heavier 
top and bottom rolls back up and 
strengthen the working rolls, producing a 
more even thickness in the wide slab. The 
slabbing mill also has vertical rolls to work 
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on the sides of the slab. The slab is passed 
back and forth between the two sets of rolls 
until it has reached the desired dimensions. 

Billets ordinarily are rolled from 
blooms. The billet mill is usually placed 
next to the blooming mill so that the ingot 
can be reduced to blooms, and then from 
blooms to billets, without reheating. Some 
billet mills are continuous: that is, they 
have a number of stands, or sets of rolls, 
placed next to one another. The steel is 
passed without stopping from one stand to 
the next. Each stand reduces the thickness 
a little more, running slightly faster to take 
up the increase in length of the steel. 


STEEL PRODUCTS 


Blooms, billets, and slabs are con- 
verted in finishing mills into products such 
as beams, plates, sheets, and bars. This is 
done chiefly by rolling. Other methods are 
also used to improve the quality of steel 
products and add to their usefulness. 

Rails. Rails, among the most impor- 
tant of steel products, are rolled from 
white-hot blooms of open-hearth steel bya 
method much like that used in making 
billets. Grooved rolls squeeze the bloom, 
through a number of changes, into rail 
shape. After leaving the mill, the rails are 
cooled slowly to insure maximum strength 
and evenness. They are then straightened 
in a press, and bolt holes are drilled through 
them, 

Structural steel. Structural steel is very 
important in all kinds of modern construc- 
tion where steel frameworks provide 
needed strength. Hundreds of structural 
shapes are produced for varying needs. In 
cross section, they may resemble various 
capital letters: H, I, L, T, and Z. An impor- 
tant shape is the channel, with flat bottom 
and two short sides. Structural steel is hot- 
rolled from blooms, through specially 
grooved rolls, just as rails are. 

Bars. Bars, which are prepared by hot- 
rolling, are among the most widely used 
products of the steel industry. More are 
used for making automobile parts than for 
any other purpose. There is hardly any in- 
dustry, however, that does not use bars in 
Some way or other. They are rolled from 
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billets in widely varying shapes—square, 
round, half-round, oval, hexagonal, octago- 
nal, and flat. A substantial tonnage is cold- 
drawn—that is, the hot-rolled bar is 
cooled and pulled through a hole in a hard 
steel die. The die reduces the thickness of 
the bar very slightly, bringing it to the exact 
size required. It also burnishes the surface 
of the bar. 

Plate, sheet, and strip. A large part of 
the steel made in the furnaces of the | d 
States is rolled into flat forms. Flat pieces 
of steel, ranging from 0.5 to 5 centimeters 
in thickness, are called plates. They may go 
into railway cars, hulls of ships, or the sec- 
tions of bridges. Thinner pieces over 60 
centimeters wide are called sheets. They 
serve for automobile bodies, metal cabi- 
nets, gasoline drums, and the like. Still thin- 
ner and narrower pieces, known as strip, 
are cut up and manufactured into thousands 
of products, including razor blades, toys, 
and license plates. 


A great deal of thin steel is made into 
tinplate—steel coated with tin. Much of 
this coated steel is used for tin cans, which 


are from 98 to 99.5 per cent steel. The tin 
protects both the container and its contents 
from chemical attack. Tinplate is also used 
for radio parts, toys, kitchenware, bottle 
caps, buttons, and signs. 

Most tin-plating is done by the 
electrolytic method. The steel strip moves 
through a solution of tin salt, while an elec- 
tric current passes froma pure tin electrode 
into the solution and through the steel. The 
current Causes tin to be deposited on both 
surfaces of the steel strip. The strip then 
goes to an oven that melts the layers of tin. 
This method results in a superthin and even 
coating. 

Steel is sometimes coated with zinc— 
a process called galvanizing—as a protec- 
tion against rust. Galvanized steel is used 
for pails, drums, refuse cans, and cor- 
rugated roofing and siding. Steel coated 
with terne, an alloy of lead, is used prin- 
cipally for automobile fuel tanks. It is also 
employed for paint cans and oilcans, roof- 
ing, and downspouts. Because of the pres- 
ence of lead, terneplate is never used in the 
manufacture of food containers. The coat- 


ing process is much like that used in gal- 
vanizing and hot-dip tin-plating. 

Wire. Another widely used steel prod- 
uct is wire. It serves for springs of all kinds, 
al strings, nails, screws, tacks, bolts, 
. needles, strainers, eggbeaters, cork- 
screws, clothes hangers, birdcages, and 
thousands of other useful objects. Ropes of 


twisted wire are used for suspension 
bridges and hoisting apparatus. Wire can be 
drawn into a variety of cross-sectional 
shapes—round, square, hexagonal, octag- 
onal, oval, half-oval, and triangular. Diame- 
ters range from 0.0025 to a little less than 
2 centimeters. 

All steel wire is drawn from rods, 


THE PRINCIPAL ALLOYING ELEMENTS USED WITH STEEL 


ELEMENT AND 


REASON FOR USE 


SYMBOL 

Alurninum (Al) Remove gases and impurities. 

Chromium (Cr) Small amounts improve hardening 
qualities; more than 10 per cent pre- 
vents rust. 

Cobalt (Co) Holds cutting edge at high tempera- 
tures. Improves electrical qualities. 

Copper (Cu) Retards rust. 

Lead (Pb) When mixed withtin, forms arust-resist- 


Manganese (Mn) 


Molybdenum (Mo) 


Nickel (Ni) 


Silicon (Si) 


Tin (Sn) 


Tungsten (W) 


Vanadium (V) 


Zinc (Zn) 


ing coating for steel. Small amounts al- 
loyed with steel improve machinability. 


Small amounts remove gases from 
steel; 1 to 2 per cent increases strength 
and toughness; 12 per cent imparts 
great toughness and resistance to 
abrasion. 


Increases strength, ductility, and resis- 
tance to shock. 


Increases toughness, stiffness, strength, 
and ductility. In large amounts resists 
heat and acids. 


Small amounts remove gases from 
steel, increase strength and resiliency; 
4 per cent imparts high electrical 
efficiency. 


Forms corrosion-resisting coating on 
steel. 


Retains hardness and toughness at 
high temperatures. 


Increases strength, ductility, and 
resiliency. 


Forms corrosion-resisting coating on 
steel. 


TYPICAL APPLICATIONS 


Seldom more than a trace remains, 
except in nitrided steel, 


Tools; machinery parts; stainless and 
heat- and acid-resisting steels. 
High-speed cutting tools; permanent 
magnet steel. 

Roofing and siding sheets, plates 
Sheet steel for roofing, automobile 


gasoline tanks, etc.; machinery parts. 


Small amounts present in all steels; 1 
to 2 per cent used in rails; 12 per cent 
or more for frogs and switches and 
dredgebucket teeth. 


Tools; machinery parts; tubing for air- 
plane fuselages. 
Tools; machinery parts; stainless 


steels; heat- and acid-resisting steels. 


Small amounts present in all steels; 
automobile and railway car springs 
(with manganese); 4 per cent for 
transformers, motors, generators. 


Sanitary cans; kitchenware, 
High-speed cutting tools; magnets. 


Tools; springs, machinery parts. 


Galvanized roofing and siding sheets; 
wire fences; pails; and so on. 
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which have been previously rolled from 
billets in a rod mill. After a rod has been 
cleaned of scale and given a lime coating, it 
is drawn through a die of some harder mate- 
rial. The die hole is tapered, from the diam- 
eter of the rod, at the entrance, to the 
smaller desired diameter of the wire, at the 
exit end of the die. The die must be very 
hard to withstand the wear and pull of the 
steel. Only chilled cast iron, a few alloy 
steels, tungsten carbide, and diamonds are 
hard enough to serve for the drawing opera- 
tion. Wire is generally drawn through a 
number of dies, each with a smaller hole 
than the one before. 

Pipes and tubing. There is no clearcut 
distinction between pipes and tubing. Gen- 
erally the term pipes refers to tubes that 
conduct liquids or gases, while those which 
are used for structural and mechanical pur- 
poses or occur in very small sizes are called 
tubing. There are a number of exceptions, 
however. 

Pipes and tubes fall into two classes— 
welded and seamless. Welded pipes have a 
seam along the entire length. To make cer- 
tain kinds of welded pipe, a red-hot, flat 
strip of steel is pulled through a welding 
bell—a funnel-shaped die. The steel strip 
is curled into the form of a pipe. Its edges 
fuse together to form a seam. Pipe larger 
than 10 centimeters in diameter is made 
from plates. These are bent into pipe shape 
by a series of rolls. The edges are then 
electrically welded. 

Other pipes and tubes, such as those 
which must carry fluids under pressure, are 
seamless. Some are prepared by the so- 
called piercing process—the oldest and the 
most widespread method. In this process a 
heated, round billet passes between two 
barrellike rolls that are arranged with their 
long axes at a slight angle to each other. As 
the revolving rolls grip the hot billet, they 
Squeeze two sides of it, causing the other 
two sides to bulge out. Since the billet is ro- 
tated, each side is alternately squeezed and 
bulged out. This action causes a hole to be 
formed at the center of the billet, along its 
axis. 

_At the same time the steel is pushed 
against a bullet-shaped bar, which Passes 
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through the hole created by the squeezing- 
bulging action and makes the hole fairly 
uniform in diameter. In this way, a 
seamless tube is prepared. 

Ina process called extrusion, the billet 
is heated until it glows white, and then is 
forced through a die by a powerful press. 
So great are the heat and pressure required 
for this particular process that molten glass 
is commonly used as a lubricant. 

Seamless tubing is further processed 


by cold-drawing in the case of certain prod- 
ucts, such as hypodermic needles. These 
must have smaller diameters, thinner walls, 


and better surface finishes than are possible 
when hot-working methods are employed. 
In the cold-drawing process, a seamless 
tube, formed by piercing or extrusion, is 
cooled and is then pulled through a special 
kind of die. In this, a stationary bar, called a 
mandrel, is held inside the tube as it is being 
formed and supports its walls. Tubing 
processed in this way has the strength and 
smooth surface typical of cold-worked 
steel. 

Forging and casting. A considerable 
amount of steel is shaped by forging and 
casting. Forging is employed principally to 
make railway-train wheels, axles, and other 
heavy shafting. In making wheels, a disk- 
shaped piece of steel cut from a round 
bloom is heated and placed in a forging 
press. The top and bottom of the press are 
dies shaped like the two sides of the wheel. 
When the press closes under a weight of 
9,000 metric tons, the plastic, hot steel 
spreads into the hollow shape. In the forg- 
ing of axles, a red-hot bloom, supported by 
a chain, is pounded into the shape of an axle 
by a forge hammer. Workers turn the steel 
forging around with tongs under the ham- 
mer blows, until the axle is fully shaped by 
the process. 

Castings are generally products that 
are too large or complicated in shape to be 
forged or rolled. They include the frames of 
locomotives, the rudders and propellers of 
ships, and various parts of machines. In 
preparing castings, molten steel is poured 
into a mold of the desired shape. It solidi- 
fies in this mold. The plant in which cast- 
ings are prepared is called a foundry. 


Hot +], reduced in thickness, comes out of finishing stands of a hot strip mill ata 


rate ore than 700 meters a minute. 


MODIFYING STEEL STRUCTURE 


teel seems to be smooth and even to 


the unaided eye. Examination under the mi- 
croscope, however, reveals its structure as 
an of tiny grains, tightly packed and 
forming a definite pattern. Further analysis 


with the use of X rays reveals that the 
grains, in turn, have a submicroscopic crys- 
tal ucture. When steel is deformed by 
some physical stress, such as rolling, draw- 
ing, or forging, the grain structure and pat- 
tern may be altered, thus setting up internal 
strains. The steelmaker can relieve these 
strains by various types of heat treatment. 

The treatment known as normalizing 
modifies the submicroscopic crystal struc- 
ture and the size and shape of the grains. 
The steel is heated to a certain high temper- 
ature at which the crystal changes take 
place, and then is allowed to cool in still air. 

Annealing is a heat treatment that 
relieves extreme internal strains and results 
in greater softness and ductility. It is used 
on finished products as well as on steel des- 
tined for further working. In annealing, the 
steel is moderately heated, held at the given 
temperature for a time, and then allowed to 
cool very slowly. The temperature is not so 
high that crystal transformations take 


place, but just great enough to make the 
steel very plastic and permit the internal 
strains to be reduced, 

In hardening operations, steel is heated 
and then quenched, or cooled, very rapidly, 
by plunging it into a liquid or subjecting it to 
a blast of cold air. The more rapid the 
cooling, the harder the steel becomes. 

Tempering (sometimes called drawing) 
is a form of heat treatment applied to hard- 
ened steel, particularly when the metal has 
been subjected to very rapid quenching. In 
tempering, the degree of hardness is effec- 
tively controlled by reheating the metal 
within a narrow range of temperatures, 

In what is known as case hardening, 
the chemical composition of the surface of 
the steel is changed. A case, or hardened 
surface, is developed on the finished steel 
object, while the core remains flexible. 


CLASSES AND USES OF STEEL 


Steels are divided into several classes 
on the basis of their composition, physical 
properties, the manufacturing processes 
applied in making them, and the uses to 
which they are put. 

Plain carbon steels. These steels con- 
tain carbon and also small quantities of 
other elements—mostly manganese, phos- 


STEEL 


55 


56 


phorus, sulfur, and silicon. These steels are 
generally made by the Bessemer or open- 
hearth processes. Some are also made in 
the electric furnace. Plain carbon steels are 
used for structural framework, automobile 
bodies, railway-car bodies, rails, plows, 
hoes, rakes, tin cans, gas and electric 
ranges, tacks, hairpins, and thousands of 
other objects. 

Alloy steels. When steel is treated with 
an alloying element or elements (in addition 
to those found in ordinary steel) so as to 
change to properties of the metal notice- 
ably, the resulting product is called an alloy 
steel. The table on page 53 shows the chief 
alloying elements and their effect on steel. 

Alloy steels can withstand unusually 
severe stresses, heat, and wear. They are 
often used for axles, crankshafts, connect- 
ing rods, propeller blades, pressure ves- 
sels, and machine tools of all sorts. High- 
quality alloy steels are made by the elec- 
tric-furnace process. Considerable quanti- 


open-hearth furnace. 

Stainless steels. Stainless steels are 
high-grade alloys that provide particularly 
effective protection against corrosion and 
tarnishing. Some of these alloys resist heat 
very well at elevated temperatures. Like 
other high-quality steels, they are made in 
the electric furnace. They all contain 
chromium, Many of them are also alloyed 
with nickel. Some require molybdenum and 


other elements. Stainless steels used, 
among other things, for cutlery, surgical in- 
struments, decorative trim, and machine 
parts. 

Maraging steels. A group of steels 


called maraging steels were developed to 


serve the needs of space vehicles and other 
advanced devices. A typical maraging steel 
contains 18 per cent nickel, 9 per cent 
cobalt, and 5 per cent molybdenum, with 
small amounts of titanium and aluminum. 
Maraging steels are exceedingly strong. 


Some of them can withstand pressures of 


ties of common alloy steels, used for upto 19,000 kilograms per square centime- 
various purposes, are produced in the ter. 
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Ships, such as this large 
tanker, are just one of the 
many major users of struc- 
tural steel, plate steel, and 
other types of pure and al- 
loyed steels. 


ENGINES 


by Theodore D. Benjamin 


Viuscular strength alone would never 


suffice to accomplish all the tasks that the 
humen brain suggests. To help perform 
th tasks, people have used a variety of 
po sources—heat, wind, water, elec- 
tric and nuclear reactors—to perform 
we 


sat is among the most useful of the 


sources of power. It drives most land 
vehicles, marine craft, and aircraft. It 
serves to generate electricity in many types 
of generators. It operates blowers, pumps, 
certain types of fans, and many other 
devices. 

Heat power is put to use in an engine. 
In all heat engines, the chemical reaction 
that takes place when fuel is burned imparts 
a high degree of kinetic energy (energy of 
motion) to countless gas molecules. Gener- 
ally these particles strike certain movable 
parts, such as pistons or turbine vanes, and 


these movable parts provide driving force. 
EARLY STEAM ENGINES 


The third century Greek mathemati- 
cian and physicist Hero of Alexandria was 
probably the first to show that heat energy 
could be used to perform work. He in- 
vented a steam engine called the aeolipile 
(Fig. 1), which worked on much the same 
principle as a modern rotary lawn sprinkler. 

The aeolipile consisted of a globe 
mounted between two tubes projecting 
upward from a steam boiler. The bent 
upper ends of the tubes passed through 
holes in the globe, which could rotate 
freely. Two bent nozzles were attached at 
opposite sides of the globe. The water in 
the boiler was heated.The steam passed 
from the boiler through the upright tubes 
into the globe and then out through the bent 
nozzles attached to the globe. The reactive 
force of the steam issuing from the nozzles 
caused the globe to spin rapidly. Hero 
never put his aeolipile, which was a form of 
steam turbine, to any practical use. ’ 

In 1629 an Italian engineer, Giovanni 


Branca, described another type of turbine 
—a device in which steam issuing from a 
boiler struck the vanes of a wheel and set it 
in motion. 

Toward the end of the seventeenth 
century, the Frenchman Denis Papin pub- 
lished a description of a piston that was 
driven in a cylinder, open at the top, by the 
action of steam. Water was heated in the 
cylinder under the piston, and steam was 
generated. The power of the expanding 
steam pushed the piston upward. The 
source of heat was then removed from 
under the cylinder and the steam was 
allowed to condense. As a partial vacuum 
developed under the piston, atmospheric 
pressure pushed it down. This was one of 
the earliest versions of the reciprocating 
engine—one in which a piston moves to 
and fro in a cylinder. 


THOMAS NEWCOMEN'S ENGINE 
The Englishman Thomas Newcomen 
improved upon Papin’s engine in the early 


Fig. 1. Aeolipile. 
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years of the eighteenth century. New- 
comen’s engine also had a single cylinder in 
which a piston moved up and down. (Fig. 
2). But in this engine, as soon as the steam 
had driven the piston up the cylinder, cold 
water was sprayed into the area below the 
piston. The steam, cooled suddenly by the 
water, condensed rapidly, and the piston 
moved down. Steam was then admitted to 
the cylinder again. The piston was attached 
to one end of an overhead beam called a 
rocker arm. A pump rod, which worked a 
pump, was connected to the other end. The 
up-and-down motion of the piston pro- 
duced an up-and-down motion in the pump 
rod. 

Newcomen engines were used quite 
extensively in England and Scotland in the 
eighteenth century to pump water from 
mines and wells. At first the operator had 
to admit steam and cold water, in turn, into 
the cylinder by means of hand valves. A 
young operator, Humphrey Potter, devised 
an ingenious system of cords and catches, 
by means of which the overhead beam 
opened and closed the valves as it rocked. 
Thus the engine became self-acting. Later 
a rod suspended from the beam worked 
the valves by means of tappets, or levers. 


WATT'S STEAM ENGINE 


In 1764, a Scots instrument maker, 
James Watt, was commissioned to repair a 
Newcomen-type engine. While studying its 
operation, he was impressed by the enor- 
mous waste of fuel because of the cooling 
of the cylinder each time steam was con- 
densed in it. Watt improved the engine im- 
mensely by adding a separate condensing 
chamber. Steam condensed in this chamber, 
and the cylinder itself remained hot. Later 
he added other improvements. He invented 
a double-action device, admitting steam to 
each end of the cylinder in turn. He 
provided a governor to regulate the speed 
of the engine. He developed a mechanism 
for changing the to-and-fro motion of the 
piston to rotary motion. This reciprocating 
steam engine, as improved by Watt and 
others, played an all-important part in the 
Industrial Revolution. 

During most of the nineteenth century 
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the reciprocating engine was the only prac- 
tical type of steam engine. Then, during the 
1880s, the first successful turbines were 
built by Sir Charles A. Parsons in England 
and Carl G.P. de Laval in Sweden. In the 
years that followed the steam turbine was 
greatly improved. It competed with the re- 


ciprocating steam engine and even re- 
placed it for certain purposes. 
BOILERS 

In the modern steam engine the heat 
energy released by fuel is applied to water 
in a boiler. The steam that is generated 


serves to perform work. Almost any fuel 
that can release energy—coal wood, 
and several radioactive isotopes—can be 
used to heat water and thus to generate the 
steam that will run the engine. 

The earliest boilers were simply air- 
tight metal containers. A fire was built 
under them and the water contained was 


Fig. 2. Newcomen engine. 
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turned into steam. These early boilers 
were very unsatisfactory. They were quite 
likely to explode when pressure was in- 
creased beyond a certain point. Even if 
they withstood the powerful pressure of 
steam, they were most inefficient. Much of 
the heat that was produced escaped to the 
outer air and comparatively little was used 
to heat water. i 

Boilers have been vastly improved. 
Our knowledge of riveting and welding and 
our understanding of the properties of 
various metals permit us to build boilers 
that can withstand high pressures. We have 
also succeeded in bringing the heat and the 
water into closer contact, thus providing 
greater economy and effectiveness of 
operation. 

There are two chief kinds of boilers— 
the water-tube and fire-tube types. 

The water-tube boiler is used to run 
stationary engines in factories or power 
plants. Figure 3 shows its construction. 
Much of the water is in the tubing below the 
reservoir drum. Flames and heated air from 
the firebox play around the water tubes 
and against the bottom of the drum. By ex- 
posing such a large area to the action of the 
flames, heat absorption is greatly increased. 


Fig. 3. A familiar type of water- 
tube boiler. 


Note the steam dome in the diagram. Steam 
issues from the boiler through a pipe whose 
open end is set in the dome. This arrange- 
ment prevents liquid water from being 
drawn through the pipe. The pipe is looped 
back over the firebox, as shown in the 
diagram, in order to increase the heat of the 
steam as it leaves the boiler. Such ex- 
tremely hot steam is called superheated 
steam. 

The firetube boiler is found in steam 
locomotives. From the firebox, flames are 
drawn through long horizontal tubes that 
extend from one end of the boiler to the 
other. This serves to bring the heat into in- 
timate contact with the water in the boiler. 
Figure 4 shows the arrangement in a typical 
locomotive. Flames and heated air are 
drawn from the firebox through the tubes 
and up the smokestack. Exhaust steam 
from the cylinders is also sent up the 
smokestack. This produces a powerful 
draft that sucks the flames into the fire 
tubes. It also gives rise to the characteristic 
chugging sound of a locomotive. 


EXTERNAL COMBUSTION ENGINES 


In external combustion engines, the 
fuel that is used is burned outside of the 
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STEAM TO 
CYLINDERS 


Fig. 4. A highly simplified diagram of a steam-locomotive fire-tube boiler, showing 


the basic principle involved. 


engine. The reciprocating steam engine 
and the steam turbine are external com- 
bustion engines. 


RECIPROCATING STEAM ENGINE 


Figures 5 and 6 show the working 
parts of a simple reciprocating engine. 
From the boiler the steam is led through the 
steam line into the steam chest, which is 
simply a reservoir for holding the steam 
until it is admitted to the cylinder. From the 
steam chest the steam passes through port 
A and into the cylinder (see Fig. 5). The 
pressure of the steam forces the piston 
toward the right end of the cylinder. The 
Spent steam on the other side of the piston 
is forced out through port B and from there 


Fig, 5. Reciprocating engine. Steam enters through 
A. Spent steam passes through B. 
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into the exhaust pipe. When the ton is 
pushed to the end of its stroke slide 
valve moves to the left so that ti steam 
now enters port B (Fig. 6). The ston is 
now pushed to the other end of cylin- 
der. The spent steam is pushed o1 hrough 
port A and from there to the exhaust pipe. 
Thus the piston moves back and forth in the 


cylinder as long as steam is admitted to the 
steam chest. 


By means of a crankshaft the piston 
and its connecting rod turn a heavy wheel, 
called a flywheel, as shown in Figure 7. 


Because of its great inertia, the flywheel 
Causes the engine to run smoothly and to 
keep running while the slide valve is chang- 
ing the direction of the steam flow in the 
cylinder, The slide valve is operated by a 
cam that is mounted on the crankshaft, as 


Fig. 6. In this case, steam is admitted through B, and 
the spent steam passes through A 


Fig. 7. A reciprocating steam engine with flywheel. 


shown in Figure 7. As the crankshaft turns, 
the cam, which is connected to the slide- 
valve rod, moves the slide valve back and 
forth so that it closes ports A and B in turn 
at the propert time. 

Types. There are many other types of 
reciprocating steam engines besides the one 
we have described here. Among the most 
important are the compound and uniflow 
engines. The compound reciprocating 
steam engine has two or more cylinders. 
Steam first enters a high-pressure cylinder, 
where it expands and performs work. It 
then enters two or more larger low-pressure 
cylinders where it also performs work. In 
the uniflow engine, steam enters at either 
end of the cylinder and leaves through a 
ting of exhaust ports around the center. As 
a result, the cool exhaust steam does not 
rob valuable heat from the intake ends of 
the cylinder. The piston is used to 
compress steam as well as to supply thrust. 
The temperature of the steam is raised as it 
is compressed. Both of these features give 
this engine a high heat efficiency. 

Uses. At one time the reciprocating 
steam engine had no serious rival. It ran 
machines in industrial plants. It generated 
electricity in central power stations. It 
propelled ocean liners and locomotives. It 
operated pumps and had many other uses. 
The electric motor has now generally re- 


placed it in factories, and the steam turbine 
has come into use in electric-power gen- 
erating plants where steam is the power 
source, The reciprocating steam engine is 
still employed, to a limited extent, to run 
small seacraft. It has been largely replaced 
by the steam turbine in larger craft. It also 
serves at the present time as a power plant 
for some railroad locomotives, and it drives 


Fig. 8. A simple steam turbine. 
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certain types of pumps and small genera- at a speed of more than 1,600 kilometers 


tors. per hour and at a temperature of ever 500° 
Celsius. This steam strikes t curved 
THE STEAM TURBINE buckets and, in bouncing off, set e wheel 
The steam turbine works on much the revolving at high speed. 
same principle as the pinwheel, which spins After leaving the first set of buckets, 
rapidly as you blow upon its vanes. In the the steam has changed its direction. It now 
steam turbine a number of curved vanes. strikes a set of fixed blades, wł turn it 
called buckets, are set on a wheel. As steam back to its former direction. | ing the 
from several nozzles is directed against the fixed blades, the steam hits the t set of 
buckets, the wheel revolves at high speed movable blades and imparts a pu ) them 
(see Fig. 8). After it leaves the wheel, the too. Thus the steam makes its v rough 
steam is still very hot. Though it has ex- all the rotating and stationary b of the 
panded somewhat, it can still do a great turbine. In some turbines the sti strikes 
deal of work. Therefore, almost all turbines as many as 5,000 buckets in 24 wheels in 
are made with several revolving wheels less than '/s) of a second. The rir locity 
mounted on the same shaft so that the ofthe wheels may be well over 10 kilo- 
power of the steam can be used more com- meters per hour. 
pletely. The force of the steam is so Las it 
To make the steam strike each bucket leaves the nozzles and strikes t ickets 
at the proper angle and to extract as much of the first wheel that it can perform work 
energy from it as possible, the turbine is by exerting great pressure on a very small 
usually constructed as shown in Figure 9. surface. That is why the first wheels and 
Fixed blades are set between rotating their vanes are made comparative!y small. 
wheels of blades, as shown. The steam As the steam strikes the buckets of one 
enters through many nozzles and strikes wheel after another, its force becomes 
the first set of rotating blades. It may enter somewhat spent. To utilize its remaining 
Fig. 9. Steam turbine, showing stationary and rotat lades. 
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energy as fully as possible, the diameter of 
the wheels and the size of their vanes are 
increased as they approach the outlet end 
of the turbine. 

The steam turbine has certain advan- 
tages over the reciprocating steam engine. 
First, and perhaps most important, if the 
turbine is operated at high speeds, it is more 
efficient. More of the energy contained in 
the steam is used to drive the engine. Tur- 
bines occupy less space per horsepower 


than reciprocating engines. If they are 
properly aligned, they run with very little 
vibration. There are certain disadvantages, 


however. For one thing, the rotational 
speed of the turbine is so great that it can be 
directly coupled to only certain types of 


mechanisms, suchas electrical generators in 
central power plants, centrifugal blowers, 
centrifugal pumps, and fans. When used as 


the power plant of a ship, a steam turbine 
must be fitted with intricate and massive 
reduction gears in order to provide the 
slower speeds at which propellers operate 
most efficiently. Another disadvantage of 
the turbine is that it cannot be reversed. To 


Fig, 10 Some of the important working parts of an 
omobile engine. A single cylinder is shown here 
3S section 
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back water, a ship must use a second tur- 
bine moving in the opposite direction to the 
first one. 


INTERNAL COMBUSTION ENGINES 


The other heat engines that we shall 
discuss in this article—the gasoline and 
diesel engines, the gas turbine, and so 
on—are known as internal-combustion 
engines because fuel is burned within the 
confining space of the engine itself. 


FOUR-STROKE GASOLINE ENGINE 


The first attempt to power an engine 
by burning fuel within an engine cylinder 
was made by the Dutch mathematician, 
physicist, and astronomer Christian 
Huygens about 1680. Huygens observed 
that when gunpowder was exploded in the 
barrel of a cannon, it generated a great vol- 
ume of gas. This propelled a cannon ball 
out of the barrel at great speed and sent it 
whizzing through space. Huygens tried to 
construct an engine that would operate by 
means of a series of such powder explo- 
sions, but he failed. He found, for one thing, 
that it was extremely difficult to control an 
engine of this type. 

The first practical internal-combustion 
engine was built by a French engineer, 
Jean-Joseph-Etienne Lenoir, in 1860. It 
used illuminating gas as a fuel. Two years 
later, another French engineer, Alphonse 
Beau de Rochas, set forth the principles of 
the four-stroke cycle engine, which we shall 
describe later. In 1876, Nikolaus August 
Otto, a German technician, constructed the 
first successful engine operating on the 
four-stroke principle. Like Lenoir’s engine, 
it used illuminating gas. 

Later, inventors sought to develop a 
carburetor in which gasoline could be 
vaporized so that it could be substituted for 
illuminating gas as a fuel. Gottlieb Daimler 
in Germany and Fernand Forest in France 
achieved this goal in 1885. In the following 
year Karl Benz, a German engineer, ob- 
tained a patent on a self-propelled vehicle 
powered by a gasoline engine and thus in- 
augurated the automobile age. At the 
present time gasoline engines serve prin- 
cipally to propel automobiles and airplanes, 
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FOUR-STROKE-CYCLE GASOLINE ENGINE 
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Fig. 11. Intake stroke. 


Fig. 12. Compression 
stroke. 


though they are used for various other pur- 
poses. 

How it works. Figure 10 shows a single 
cylinder of a typical U.S.-manufactured 
automobile engine, plus several other parts. 
The fuel that is burned in the cylinder is a 
mixture of gasoline vapor and air, prepared 
in the carburetor. This mixture is exploded 
by the heat of an electric spark between the 
electrodes of a spark plug. The explosion 
pushes the piston down in the cylinder. The 
connecting rod attached to the piston then 
turns a crankshaft. Flexible metal rings 
around the piston head are coated with 
lubricating oil. They fit so tightly against 
the walls of the cylinder that gases cannot 
make their way past the piston. The cylin- 
der has two valves. One lets the fuel mix- 
ture in and the other lets the burned gases 
out. 

Figures 11, 12, 13, and 14 show the 
operation of a single cylinder as it goes 
through the four steps or strokes of a four- 
stroke cycle. In the intake stroke (Fig. 11) 
the piston is pulled down from a Position 
near the top of the cylinder. This is general- 
ly accomplished, when the engine is being 
Started, by electrical energy from a battery 
Operating an electric starter. As the piston 
moves down, the intake valve opens. The 
reduced air pressure within the cylinder 
allows the gasoline and air mixture from the 
carburetor to pass through the intake mani- 
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Fig. 13. Power stroke. Fig. 14. Ex troke. 
fold and into the cylinder. D this 
stroke the exhaust valve is close i the 
crankshaft makes one half of a re ition. 

The second stroke is known as the 
compression stroke (Fig. 12). Th arter 
continues to crank the engine. The intake 
valve closes and the piston moves vard, 
Since both valves are tightly close iring 
this stroke, the explosive mixture is com- 
pressed to form one sixth to one eighth of 


its original volume. The pressure wi 
cylinder may rise to about seven kil 
per square centimeter. The piston has now 
returned to its original position near the top 
of the cylinder. The crankshaft has made 
one complete revolution. , 

Stroke three is the power stroke (Fig. 
13). Just before the piston reaches the top 
of the compression stroke, the fuel mixture 
is ignited by an electric spark between the 
electrodes of the spark plug. As the mixture 
explodes, the expanding gases push against 
the top of the piston, sending it to the bot- 
tom of the cylinder. At the moment of 
explosion, the pressure in the cylinder may 
go beyond 35 kilograms per square centi- 
meter. This power stroke is really what 
makes the engine run. Note that both 
valves have remained closed so that the pis- 
ton gets the full pressure of the expanding 
gases. The crankshaft has now made one 
and a half revolutions. 

Stroke four is called the exhaust stroke 
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Fig, 15. Six-cylinder gasoline engine, showing the cylinders, camshaft, and crankshaft. 


(Fig. 14), As the piston moves upward at 
the start of this stroke, the exhaust valve 
opens and the spent gases are pushed out 
through the exhaust manifold. At the end of 
the exhaust stroke, the cylinder is prac- 
tically clear of the burned gases. The piston 
is once again in its top position and ready to 
start the intake stroke. By the end of the 
exhaust stroke, the crankshaft has made 
two revolutions. In every cycle, therefore, 
there is one power stroke to every two rev- 
olutions of the crankshaft. A heavy metal 
flywheel is attached to the end of the 
crankshaft. The inertia of this wheel tends 
to keep the engine running steadily. 

A single-cylinder engine tends to vi- 
brate excessively. By building engines with 
several cylinders and attaching the con- 
necting rods of each piston to the same 
crankshaft, we can increase the power of 
the engine and smooth out the flow of 
power. Figure 15 shows the arrangement of 
cylinders in a six-cylinder engine. Since the 
cylinders are fired at different times, the 
crankshaft receives several power strokes 
at each revolution. 

Timing. The timing of the opening and 
closing of the valves in a four-stroke engine 
is extremely important. The valves are con- 
trolled by a camshaft (see Fig. 15), a long 


straight shaft having projections called 
cams. There is one cam for each valve. The 
camshaft is rotated by being geared to the 
crankshaft. Since each valve must open 
only once for every two revolutions of the 
engine, the camshaft must be geared to turn 
at half the speed of the crankshaft. As the 
camshaft rotates, the valve stem, which 
rides on the cam, is pushed up when the 
high part of the cam reaches it. The valve 
opens into the cylinder against the pressure 
of a coiled spring. As the cam goes around, 
the spring closes the valve (Fig. 16). The 
cam, therefore, opens the valve and the 
spring closes it. 

Several different systems are required 
to keep the engine running. The fuel system 
includes a fuel pump, which feeds the gaso- 
line to the carburetor, and the carburetor, 
in which the gasoline and air are mixed in 
the proper proportion (see Fig. 17). In the 
ignition system the low voltage of a battery 
is increased by an induction coil, and the 
resulting high voltage is fed to the proper 
spark plug at the right time by a timing 
device called the distributor. In the cooling 
system water is pumped around the cylin- 
ders and air is blown over the radiator and 
engine to prevent overheating. The lubri- 
cating system feeds oil to the cylinder walls 
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Fig. 16. Camshaft in cross section and valve stem. A. 
Cam has pushed stem up. B. Spring has forced stem 
down. 


and keeps the bearings from overheating 
because of friction. 


TWO-STROKE GASOLINE ENGINE 


Small engines such as outboard motors 
and model-airplane engines operate on a 
two-stroke cycle. An engine of this kind 
provides power once in each revolution. 
There is no complex valving system. The 
piston performs the work of valves by alter- 
nately covering and uncovering the intake 
and exhaust openings. 

Figure 18 shows one type of two- 
stroke-cycle engine. As the piston rides up, 
it creates a partial vacuum in the crankcase. 
After the piston has moved up sufficiently, 
it uncovers the intake port. Air and gaso- 
line vapor then fill the crankcase. In the 
meantime, the piston has compressed the 
mixture of air and gasoline that has accu- 
mulated above it. The mixture is ignited by 
a spark from the spark plug, and the piston 
is pushed downward. In its descent it 
closes the intake port. Then it uncovers the 
exhaust port, allowing the burned gases to 
escape, and the bypass, allowing a new 
charge of mixture to make its way to the 
area above the piston. With the compres- 
sion of the new charge, another cycle be- 
gins. 

The two-stroke-cycle engine receives 
power on each downstroke. The upper sur- 
face of the piston is shaped in such a way 
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THROTTLE 
Fig. 17. Howacarburetor works. Gasolir dtothe 
float chamber by means of a fue! pi A float 
pushes up a needle valve when tt jasoline 
reaches the proper level, shutting off flow of 
gasoline. When the gasoline level fal! needle 
valve drops and gasoline enters. Th yuretor 
tube narrows as it approaches the ope ading 
from the float chamber, forming the sh lled a 
venturi. Gasoline is sprayed from the fic hamber 
into this low-pressure region of the carburetor 
tube. The gasoline is mixed with air throttle 
controls the amount of the air-and-gasoline mix- 
ture admitted to the cylinders, and th gulates 
the speed of the engine. The choke se to con- 
trol the proportion of air in the air-and-gasoline 
mixture fed to the cylinders. In a fuel-injection sys- 
tem, the carburetor is replaced by a pump. which in 
gasoline engines injects fuel into the intake mani- 
fold, and in diesel engines injects fuel directly into 


the cylinders. 


(see Fig. 18) that the incoming gases from 
the bypass are deflected to the top of the 
cylinder and do not mix with exhaust gas. 


DIESEL ENGINES 


When air is confined within a closed 
cylinder, its temperature rises as the pres- 
sure upon it increases. If the pressure is 
great enough, the air will become so hot 
that it will ignite a combustible mixture of 
gases. In 1892 Rudolf Diesel, a German en- 
gineer, conceived the idea of igniting the 
fuel in the cylinder of an internal-combus- 
tion engine by injecting it into highly com- 
pressed air. Five years later, he succeeded 
in building an engine—the diesel engine— 
based on this principle. 

Imagine, if you will, a four-stroke- 
cycle engine in which, during the compres- 


sion stroke, the volume above the piston is 
reduced to one sixteenth rather than to one 
sixth of the maximum. The temperature 
resulting from the compression is so high 
that the fuel mixture ignites even when no 
spark is forthcoming. The diesel, therefore, 
can dispense with spark plugs and distribu- 


The diesel engine differs from the gaso- 


lin gine in another important respect. If 
we compress the fuel-and-air mixture in the 
cylinder of a diesel engine, the mixture 
might preignite—that is, explode before the 
piston is ready to travel downward. To 
prevent this from taking place, the engine 
compresses air alone and not an explosive 
mi e of liquid fuel and air. An injector 
sprays the fuel into the highly compressed 
air only when the piston is ready for the 
downward stroke. 


four-stroke cycle of a diesel engine 
is shown in Figures 19, 20, 21, and 22. The 


four strokes of this cycle are (1) intake, (2) 
compression, (3) injection-power, and (4) 
exhaust, On the intake stroke, the piston 
moves downward and draws in air (Fig. 
19). The intake valve then closes, and as 
the piston moves upward, the air is com- 
pressed (Fig. 20) into such a small space 


that its temperature rises to over 540° Cel- 
sius. At the proper moment the fuel is 
squirted into the cylinder by the injector 
and burns instantly (Fig. 21). The pressure 
in the cylinder rises greatly (it may reach 
more than 1,000 kilograms per square cen- 
timeter), and the piston is forced downward. 
As the piston rises upward again, the 
exhaust valve opens and the burned gases 


Fig. 20. Compression 
stroke. 


Fig. 19. Intake stroke. 
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Fig. 18. Familiar type of two-stroke-cycle gasoline 
engine, which is used in small boats and in model 
airplanes. 


are pushed out (Fig. 22). This completes 
the cycle. 

The fuel-injection system of the diesel 
engine is just about as complicated as the 
ignition system of the gasoline engine. The 
diesel’s cylinder walls have to be thicker 
and heavier than those of the gasoline 
engine in order to withstand the higher 
pressures. 

In the two-stroke-cycle diesel engine, 
diagramed in Figure 23, there are only a 
compression stroke and a power stroke. 
The engine fires once for every revolution 
of the crankshaft. As the piston nears the 
bottom of the cylinder, it uncovers open- 
ings through which compressed air, pro- 
vided by a small blower, is introduced. 
Compressed air forces exhaust gases out 
through the open exhaust valves at the top 


Fig. 21. Injection-power Fig. 22, Exhaust stroke. 


stroke. 
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of the cylinder at the same time that it fills 
the cylinder with fresh air. In one stroke, 
therefore, we have brought about air intake 
and exhaust. As the piston moves upward it 
covers the openings from the blower. The 
exhaust valves are closed and the air is 
compressed, At the top of the stroke injec- 
tion and ignition of the fuel occur (diagram, 
right). The hot gases force the piston 
downward. The cycle then starts again. 

A diesel engine has certain important 
advantages over the gasoline engine. The 
fuel it uses—diesel oil—is much cheaper 
than gasoline, Because the temperature in 
the combustion chamber is so high, several 
types of oil can be used and completely 
burned. If we used such fuels in a gasoline 
engine, they would not burn completely 
because of the lower temperature, and they 
would leave a deposit of carbon behind. 
Diesel engines are more efficient than gaso- 
line engines, particularly at low speeds. On 
the other hand, the engines are compara- 
tively heavy because of the thick cylinder 
walls needed to withstand the pressure due 
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to the high compression. A diesel engine 
weighs considerably more per horse-power 
than a gasoline engine. 

Diesel engines have been used in 
various types of surface ships and in sub- 
marines for many years. They are em- 
ployed in great numbers to provide motive 
power for trains. The diesel-electric combi- 


nation is particularly popular. In this, the 
powerful engines drive big electric genera- 
tors. The electricity generated in this way 


not only provides abundant power for the 
electric motors that drive the locomotive 
but also furnishes light and heat. Locomo- 
tives of this type have replaced steam 
locomotives. 

Diesel engines propel many au- 
tomobiles, trucks, and passenger buses. 
They also serve the building industry. They 
operate power shovels and air compres- 
sors. The engines are employed on many 
farms to operate the electric generators that 
provide power, light, and heat. They drive 
tractors, and can pump water for various 
drainage and irrigation projects. 


Fig. 23. The diagram at 
the far left shows the 
compression stroke of 
a two-stroke-cycle die- 
sel engine. The power 
stroke is shown in the 
near-left diagram. 


GAS TURBINE ENGINE 


This type of  internal-combustion 
ensine, in which escaping gases operate a 
turbine, is known as a gas turbine. It shows 
great promise as a power plant not only for 
pla es but also for locomotives, trucks, 
smal! ships, and dynamos. The gas turbine 
has few moving parts to get out of order, It 


is olmost vibrationless in operation, It is 
very efficient. Many engineers believe that 
it will be one of the most important of our 


heat engines. 
THE WANKEL ENGINE 


Ihe Wankel, or rotary, engine, is a 
gaso!ine-powered engine that uses spinning 
part: to produce the engine's driving force. 
The rotary parts do the job the pistons 
would in a conventional gasoline engine. 

The rotary engine uses one or more tri- 
angular rotors that spin inside a housing. 
The inside of the housing constantly shifts 
and changes the dimensions of areas not oc- 
cupied by the rotor. The three sides of the 
rotor form pockets with the inside surface 
of the rotor housing. These pockets get 
larger or smaller as the rotor slides and 
spins within the housing. The size changes 
within the chamber are the basis for the 
engines operation, An air-and-gasoline mix- 
ture is allowed to enter a large chamber and 
is then compressed as the chamber gets 
smaller, The compressed mixture is then ig- 
nited by a spark plug. The mixture explodes 
and sets the rotor spinning. The spinning 
rotor drives the shaft, and the process goes 
on, 


OTHER ENGINES 


In recent years, several new types of 
heat engines, based wholly or in part on 
the principle of jet propulsion, have been 
developed. These engines are discussed 
elsewhere, Let us briefly examine the prin- 
ciples on which the engines are based. 

Jet-propelled aircraft are driven for- 
ward by jets of hot gases emitted from the 
rear of the engine. As these gases spurt out 
there is a vigorous recoil against the front 
part of the engine. This is in accordance 
with Newton's third law of motion: for 


every action there is an equal and opposite 
reaction. Since there is no thrust against the 
rear part of the plane, which is open to the 
outer air, the forward push drives the plane 
forward. 

This jet thrust is found in the rocket 
engine. Fuel and oxygen (carried by the 
plane in the form of liquid oxygen or an 
oxygen compound) are ignited, The ex- 
panding gases resulting from combustion 
produce a thrust against the front part of 
the rocket as they stream out of the rear 
part. The rocket can operate in a vacuum 
since it carries its own oxygen. 

The turbojet plane runs on a somewhat 
different principle, Air is drawn in from the 
atmosphere through intakes, situated in the 
nose or wings of the plane. The air is com- 
pressed, led into a combustion chamber, 
mixed with injected fuel and ignited. The 
gases of combustion that spurt toward the 
front of the plane meet the wall of incoming 
air from the compressor and are stopped, 
The gases that stream toward the rear spin 
a turbine wheel and are then expelled to the 
outer air, The reaction from the spurting 
gases provides thrust. The spinning turbine 
is connected to the main engine shaft. It 
drives the compressor, which is also 
mounted on this shaft. 

The ramjet is a jet-propelled plane that 
has no compressor or turbine, Air is com- 
pressed by the so-called ram effect as it 
enters the engine from the intake at ex- 
tremely high velocity, The compressed air 
then passes through the combustion 
chamber, Fuel is injected and the mixture 
of gases is ignited. The gases are then cx- 
pelled from the rear of the plane, as in the 
turbojet. 

In the plane known as the turboprop, 
the intake, compressor, combustion, and 
turbine units are like those of the turbojet. 
In the turboprop, however, it is the turbine 
that provides most of the driving power. As 
the turbine wheels spin on their shaft they 
turn a propeller, which is mounted on the 
same shaft. Only a comparatively small 
part of the energy released by the gases of 
combustion is used to provide thrust as 
these gases escape through the rear of the 
plane. 
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Robotic welders on an assembly line at a Chrysler plant in Michigan help to 


enhance productivity. 


THE AUTOMOBILE 


by Dennis Simanaitis 


The automobile offers us personal mo- 
bility, a way to get from one place to an- 
other at our own time and pace. Its major 
impact on the way we live, work, and play 
has occurred in less than a century. What 
Was once a curious contraption, used only 
by the eccentric, has evolved into the mod- 
ern automobile, 

With it, society has become more mo- 
bile. Travel that used to be arduous and 
dangerous is now routine. A home remote 
from a person’s place of work and places of 
entertainment distant from either of these 
are taken for granted, However, this per- 
Sonal mobility has its disadvantages, too, 
Modern society is less tightly knit than be- 
fore. The countryside is crisscrossed with 
roads and highways, often to the detriment 
of its natural beauty. City and suburban 


THE AUTOMOBILE 


cate supply and demand. If uncontrolled, 
an auto’s exhaust pollutants are harmful to 
the environment. r 
Nonetheless, modern society requires 
the personal mobility the auto provides. 
Engineering efforts are constantly improv- 
ing the balance of advantages to disadvan- 
tages of the automobile. Such challenges 
are accelerating changes in the ways auto- 
mobiles are designed, assembled, and used. 


A DREAM OF PERSONAL MOBILITY 


For centuries people dreamed of self- 
propelled vehicles that could travel _on 
roads. Sails and windup springs were tried, 
but neither gave enough power or maneu- 
verability. As early as 1665, a Jesuit priest 
stationed in China, Ferdinand Verbiest, 
built a working model of a steam-powered 
cart. But it was not until the 18th century 
that development of a practical steam en- 
gine made self-propelled vehicles a reality. 


licolas-Joseph Cugnot, a French mili- 
engineer, is generally credited with 
uilding the first full-size self-propelled 
laad vehicle, about 1770. This was a three- 
sled gun carriage powered by a steam 
driving the front wheel. Cugnot’s 
e was almost unmaneuverable, and 
it overturned during testing, in what might 
be called the first auto accident. The car- 
s large size and low power kept it 
being practical. 


STEAM CARRIAGES FOR THE ROAD 


Vith improved steam engines came 
more successful self-propelled vehicles. By 
the 1830’s, a number of steam carriages 
regularly scheduled runs in and 
the city of London, in competition 
,orse-drawn coaches. The coach com- 


panics protested the loss of business, and, 
at their instigation, the British Parliament 
passed the Road Locomotive Act in 1836. 
This aw put a heavy tax on steam carriages 


owed their development in Great 
Britain for many years. 

in the United States lack of highly de- 
veloped road networks was the main prob- 
lem. In many areas an agile horse was to 
remain the only practical means of personal 
transportation throughout the 1800's. 
Nevertheless, as railroads developed their 
own version of steam power, others applied 
it to road-going vehicles. In 1805, for ex- 
ample, American Oliver Evans displayed a 
steam-driven amphibious craft, a combina- 
tion wagon and flatboat. 

Although it had become an efficient 
power source by the middle of the 1800's, 
steam had limitations for road-going uses. 
A steam engine was, and remains to this 
day, a relatively heavy and bulky means of 
power generation. Yet many early autos re- 
lied on it, rather than trusting the less-de- 
veloped internal-combustion engine. 


A NEW COMPACT POWER SOURCE 


The practical use of internal combus- 
tion is traceable to important developments 
made in the last half of the 1800's. In 1860 
French inventor Etienne Lenoir built an in- 
ternal-combustion engine that ran on illu- 
minating gas. Two years later he mounted 


one of his engines on a carriage that had 
brief test runs around Paris. 

Another Frenchman, Alphonse Beau 
de Rochas, worked out the theoretical de- 
tails of a four-stroke internal-combustion 
engine, but it was left to a German inven- 
tor, Nikolaus H. Otto, to turn theory into 
practice. Otto’s first successful four-cycle 
engine ran in 1876, and many stationary- 
power applications of this ‘‘otto-cycle’’ en- 
gine followed. First fueled on illuminating 
gas, the engines ran later on gasoline. Cu- 
riously enough, gasoline was considered an 
undesirable petroleum by-product at the 
time. Some plants producing valuable ker- 
osene even piped the unwanted gasoline 
into nearby streams! 

Two other Germans, Gottlieb Daimler 
and Karl Benz, independently designed en- 
gines of the otto-cycle type and installed 
them in horseless carriages, each around 
1885. Both inventors offered their products 
for sale before 1890, and these commercial 
successes spurred interest in Europe and 
the United States. 

By 1891, U.S. inventors Charles E. 
and J. Frank Duryea had built a gasoline- 
fueled buggy, generally considered to be 
the first of its type in this country. Before 
long many other Americans were entering 
this fledgling industry. 


AN INDUSTRY GROWS 


Auto production in the United States 
exceeded the rest of the world’s by 1904. 
The country’s broad industrial base, ex- 
panding economy, and relatively high stan- 
dard of living made this possible. For a 
short period U.S. auto production was 
complicated by an 1895 patent issued to 
lawyer George B. Selden for an automobile 
powered by an internal-combustion engine. 
The Association of Licensed Automobile 
Manufacturers was formed to oversee the 
patent use, and many early U.S. automak- 
ers paid royalties. However, certain auto- 
makers, Henry Ford and Alexander 
Winton among them, refused to do so, and 
a lawsuit followed. The Selden patent was 
upheld initially, but in 1911 the court ruled 
that the independent manufacturers were 
not infringing the patent. The association 
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was then disbanded, and automotive devel- 
opment in the U.S. surged ahead. 

The earliest autos were essentially 
built one by one by skilled technicians. All 
their parts were handmade and each might 
have been slightly different from its coun- 
terpart. But before long the idea of stan- 
dardized components, first used in firearms 
manufacture, was applied to the automo- 
bile. This introduction of interchangeable 
parts was very important. It meant that 
semiskilled laborers could replace the more 
highly paid technicians in auto assembly. 
This in turn paved the way for assembly- 
line mass production of autos that brought 
their cost within reach of average people. 

Ransom E. Olds nurtured this concept 
in the production of his Oldsmobile car, 
and many others followed. The Society of 
Automotive Engineers, formed in 1905, 
provided automakers with a forum for such 
technical exchange. Today SAE remains at 
the forefront of automotive technology. 

In 1914 Henry Ford astounded other 
automakers by paying his assembly-line 
workers $5 a day, more than twice the in- 
dustry norm. Yet economies of mass pro- 
duction made Ford’s Model T one of the 
least expensive Cars available. The Model 
T was also one of the world’s most popular 
and long-lived, with more than 15 million 
built between 1908 and 1927. The car was 
available in one color only—black—not be- 


cause of any whim of Mr. Ford’s, but 
rather for a sou 
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The 1908 Stanley Steamer 
could achieve speeds above 
200 kilometers per hour. 


© Henry Austin Clork, Jr 


the paints of the time, only black offered 
coverage and drying quick enough for 
Ford's assembly line. l 

The internal-combustion engine was 
not alone in powering early cars. Steam 
power persisted, along with electric power, 
well into the second decade of the century. 
The White and Stanley steamers, for ex- 
ample, were known for their power and 
performance; the Baker Electric, for its 
quietness and refinement. However, the 
bulkiness of steam power and the limited 
range of an electric car's batteries made 
them poor competitors with the quickly de- 
veloping internal-combustion engine. Cad- 
illac’s introduction of electric self-starting 
in 1912 was only one innovation that made 
the gasoline-fueled engine more popular. 
By 1920, the internal-combustion engine 
reigned supreme. 


50 YEARS OF STEADY EVOLUTION 


The period 1910-1960 was one of 
steady evolution for the auto throughout 
the developed world. Many technical ad- 
vances made it more reliable and increased 
its utility. Low-pressure balloon tires, for 
example, replaced the hard-riding, high- 
Pressure variety in the 1920's. Four-wheel 
brakes appeared during the same period. 
Fully enclosed bodywork took the place of 
Open tourers and made all-weather driving 
more practical. Safety glass lessened the 
hazards of accidents. Hydraulically ac- 
tuated brakes introduced in the 1930’s pro- 


more reliable stopping power and 
ependent front suspensions improved 
nd comfort. 

By the 1950’s, comfort and conve- 
nience had become the main themes of auto 
design. Automatic transmissions, power- 
f d steering and brakes, air condition- 
ine, even electric window lifts were fitted. 


C became occasionally opulent expres- 
sions of their owners’ personalities. During 
the same period small numbers of imported 
cars rekindled American interest in more 
basie automotive directions. Small, light, 
and ‘uel-efficient, these cars were a product 
of European developments, where tradi- 
tionally higher fuel costs had fostered evo- 
lution of cars quite different from those in 
the United States. 


DESIGN TRENDS 


Three trends, involving the environ- 


ment, fuel economy, and safety, have char- 
acterized more recent auto design. Indeed, 
the three are occasionally in direct conflict 
with cach other, and this has provided new 
challenges for automotive engineering. 


Studies of environmental pollution fo- 
cused on the automobile during the 1960's. 
Auto exhaust contains a number of harmful 
chemicals: carbon monoxide, nitrogen 0X- 
ides, and unburned hydrocarbons. In the 
presence of sunlight some of these recom- 
bine to form photochemical smog. 

Beginning in the 1960’s in California 
(where the problem was considered most 
serious), cars were fitted with various anti- 
pollution devices. Later the federal govern- 
ment’s Clean Air Act of 1970 set a goal of 
diminishing auto pollution to one-tenth of 


Bonnal-Renaulac/Yvon 
A 1908 Model T Ford. Its success encouraged Ford 
to produce 15,000,000 more. 


its uncontrolled levels. Throughout the 
1970’s, increasingly stringent emission con- 
trols were incorporated into automotive 
designs. Unfortunately, many of these 
devices made engines less fuel efficient. 

The need for fuel efficiency was em- 
phasized in 1973-1974 and again in 1979, 
when manipulation of international petro- 
leum supplies caused fuel shortages. The 
response of the U.S. government included 
formulating fuel-economy goals for auto 
manufacturers. Each automaker's total 
fleet was required to meet or better a spec- 
ified miles-per-gallon figure for the given 
year. Combined with emission-control reg- 
ulations, these requirements posed a cru- 
cial challenge to manufacturers selling their 
cars in the U.S. market. Also, the most 
fuel-efficient cars came from Europe and 
Japan, and automotive trade imbalances 
evolved into important economic issues 
around the world. 


© Henry Austin Clark, Jr, 


The 1934 Chrysler Airflow pi- 
oneered the use of stream- 
lined design in automobiles. 
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Chet Bahn/Volkswagen Corp. 
The VW Beetle played a major part in prompting 
the strong movement toward the purchase of for- 
eign-made cars in the United States. 


With the rise of consumer advocacy in 
the 1960’s came serious questioning of the 
safety of autos in crashes. Federal regula- 
tions attempted to ensure crashworthiness 
of automobiles. Ironically, the initial at- 
tempts at making cars safer tended to make 
them heavier, too, in direct conflict with 
the goal of fuel efficiency. 

Thus, the current period of auto design 
is full of challenges. At one time the auto- 
mobile’s chief attribute was that it ran at 
all. Today compatibility with its total envi- 
ronment is paramount. 


THE MODERN AUTOMOBILE 


Cars come in many sizes and styles. 
But any modern car is a complex assembly 
of the same basic subsystems. These are its 
engine, transmission and drivetrain, chas- 
sis, and bodywork. 
ap The engine converts chemical energy 
in its fuel into mechanical energy that pro- 
pels the car. With the common internal- 
combustion engine, a controlled burning of 
fuel and air produces this mechanical en- 
ergy in the form of a rotating shaft. The 
torque, or twisting force, of this shaft is 
transmitted to the car’s driving wheels by 
the transmission and drivetrain. They also 
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match the engine’s rotating speed range to 
the desired range of car speed. Automobile 
engines produce useful power only in a lim- 
ited range, roughly from 1,000 to 6,000 rev- 
olutions per minute (rpm). But, ev it 80 
kilometers per hour, a typical road wheel 
revolves at only 800 rpm, so reduction 
gearing is needed. The transmission, or 
gearbox, uses coupling devices and sets of 


gears to convert engine revolutions to a de- 
sired number of revolutions of the driving 
wheels. Transmissions may be manually 
shifted, leaving the choice of gear to the 
driver, or automatic, with shifting that re- 
sponds to car speed and load. 

The chassis, in its broadest sense, in- 
cludes the structure supporting the car, to- 
gether with its suspension, wheels and 
tires, brakes, and steering. A car’s weight 
is transferred to the road through its sus- 


pension, wheels, and tires. The suspension 
has arms, springs, and dampers, or shock 
absorbers, that absorb road irregularities 
and counter side loads caused by corner- 
ing. Wheels are mounted with inflated tires, 
and a small area of the tires’ tread surface 
is the car’s only contact with the road. 
Brakes are used to slow or stop the car. A 
steering system changes the car’s direction 
of travel by turning its front wheels. 

The bodywork of most modern cars is 
actually part of the chassis, a unitary con- 
struction of welded steel. The bodywork 
encloses the car’s mechanical components 
and its passenger compartment, and pro- 
vides a place for luggage and storage. The 
passenger compartment contains controls 
and instrumentation for the car’s operation. 
The total assembly plays an important role 
in passenger safety by absorbing energy in 
the event of an accident and protecting its 
properly restrained passengers. 

Before describing each subsystem in 
more detail, we can note that there are sev- 
eral ways to arrange the engine and driving 
wheels of a car. The traditional approach 
has been to place the engine and transmis- 
sion longitudinally at the front of the car 
with the rear wheels driven via a driveshaft 
connected to the rear-axle final drive unit. 


Many cars, especially larger ones, have this 
layout. 


PARTS OF AN AUTOMOBILE 


Frame 


esa Gear box 


n Clutch 


EE Chassis and suspension 


Other cars have their engines toward 

the rear, also driving the rear wheels. This 
can be done with either a mid engine or a 
fully rear one, the two distinguished by 
whether the engine is ahead of or behind 
the rear-wheel center line. The Volkswagen 
Beetle was a rear-engine car; the Fiat X1/ 
9, a mid-engine car. 
___ Another choice, increasingly popular 
in cars of all sizes, is a front engine driving 
the front wheels. This has good and bad 
points: it offers very efficient packaging of 
components, but it is complicated because 
the front wheels must both steer and propel 
the car. With front-wheel drive, the engine 
can be placed either longitudinally or trans- 
versely; the latter, an extremely compact 
layout is growing in favor. The Saab is a 
front-wheel-drive car with longitudinal en- 
gine, The Volkswagen Rabbit has a trans- 
verse engine driving its front wheels. 

Each layout has advantages and dis- 
advantages. It is likely, though, that front 
engine/front drive and traditional front en- 
gine/rear drive will continue to predomi- 
nate. The first offers compactness, the 
second, relative ease of manufacturing and 
maintenance. 


Ea Differential 
Em Engine 
E Driving wheels 


THE ENGINE 


The article on Engines immediately 
preceding this one describes how a general 
internal-combustion engine operates. Here 
we focus on aspects that relate directly to 
the modern automobile. 

An engine’s size—its displacement— 
gives an idea of the power it produces. Dis- 
placement is measured by the total volume 
swept by the pistons as they travel up and 
down in the cylinders. The total volume 
may be given in cubic inches (sometimes 
abbreviated CID for cubic inch displace- 
ment), cubic centimeters (cc), or liters (one 
liter = 1,000 cc). A car’s performance, 
however, depends on more than simply its 
displacement and power. Its weight is im- 
portant, too. Cars with similar power and 
weight will have similar performance. 

Modern automotive engines generally 
have four, six, or eight cylinders. These 
may be arranged in-line (in a row) or in a 
V. Each layout has advantages and disad- 
vantages of manufacturing, balance, 
smoothness, and other factors. In general, 
small engines have four or fewer in-line cyl- 
inders. Those of medium displacement are 
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Left: cylinder head, cylinder wall, and piston. Right: piston assembly 


often in-line or V-6’s. The largest are usu- 
ally V-8’s, although these are becoming 
rare because of their poor fuel economy. 
The important factors determining an en- 
gine’s power and fuel economy are its dis- 
placement and mechanical details, not 
simply the number or arrangement of its 
cylinders. 


ENGINE SUBSYSTEMS 


An engine has a cylinder block, cylin- 
der head, pistons and connecting rods, 
crankshaft, and valve mechanisms. Other 
systems deliver its fuel, provide its electric 


supply, lubrication and cooling, and control 
its emissions. 


PIN 
"i 
CONNECTING ROD 
The cylinder block is made on or 
aluminum and houses the engine linder 
bores. It also has reinforced se ns for 
bearings on which the crankshaft turns. A 


cylinder head on top of the block forms 


combustion chambers and has holes for the 
intake and exhaust valves. If the engine 
burns gasoline and thus needs a spark for 
ignition, the head also has threaded holes 
for the spark plugs. If a diesel, there are 


threaded holes for the diesel fuel injectors 
and for glow plugs used in start-up 

As each piston is driven downward by 
the expanding gases, power is transferred 
to an arm of the crankshaft by the piston s 
connecting rod. The crankshaft changes 


Simplified diagram of a four-stroke automobile engine in operation. Arepresents the 
intake stroke; B, the compression stroke; C, the power stroke; and D, the exhaust 
stroke. Arrows indicate the direction in which the piston moves. 
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this straight-line motion into rotational mo- 
tion. The crankshaft arms are arranged to 
suit the number of cylinders and their lay- 
out. In general, an engine with more cylin- 
ders will produce its power more smoothly. 

An engine has intake and exhaust 
valves, together with a way to open and 


close them mechanically. Opening and 


closing depends on a rotating camshaft, 
with eccentric lobes that push either di- 
rectly on the valve stems or through a se- 
ries of rocker arms and pushrods. 

Valve gear is described by the location 
of valves and number and location of cam- 
shafts. Early cars had L-head engines, with 
valves arranged head-up along one side of 
the cylinders. There were also T-heads, 


with valves head-up along both sides. 

Most modern engines have overhead 
valves angled with the top of the pistons. 
These valves may be opened and closed by 
a ‘le overhead camshaft working both 
int and exhaust valves. Another option 
is to have double overhead camshafts, with 
one for intake valves and the other for ex- 
haust. Many older U.S. engines have over- 
head valves operated indirectly by 
pushrods and rocker arms, with a single 
camshaft in the cylinder block rather than 
on top of the cylinder head. 

The choice of valve gear depends on 
many factors. Overhead valves give a good 
combustion chamber shape, and double 
overhead camshafts reduce the weight of 
valve gear. But these features are expen- 
sive and complicated in assembly. The sin- 
gle overhead camshaft is a good balance 
between these factors and efficiency of op- 
eration. 


Rocker arm of a typical overhead valve engine. 
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FUEL SYSTEM 


A car’s fuel system has a fuel tank, fuel 
pump, carburetor or fuel-injection system, 
and lines linking these. 

The fuel tank, holding from eight to 20 
gallons, is usually located in a protected 
area ahead of the car’s rear wheels. A safe 
location, required by U.S. safety stan- 
dards, is important for keeping the fuel 
from exploding in the event of an accident. 
The fuel pump brings the fuel from the tank 
to the engine. 

A gasoline engine will have either a 
carburetor or fuel injection. The purpose of 
either is to mix fuel and air in the chemi- 
cally correct proportion and deliver it to the 
engine’s intake valves. 

A carburetor does this by passing air 
through one or more venturi tubes fitted 
with fuel nozzles. A throttle plate below 
each tube varies the amount of air admit- 
ted, depending on the driver’s pressure on 
the accelerator. The varying air flow brings 
with it varying fuel flow in the correct pro- 
portion. Other carburetor devices allow for 
warm-up and emission control. 

A fuel-injection system takes the place 
of a carburetor. It has a high-pressure 
pump and a metering and distribution sys- 
tem. In general, gasoline fuel injection 
gives better control of the fuel-air mixture 
from cylinder to cylinder. On the other 
hand, it is more expensive and more com- 
plicated than a carburetor. 

With a diesel engine, fuel injection is 
the only way to get the fuel into the cylin- 
ders. A diesel operates by compression-ig- 
nition; that is, ignition takes place through 
the heat of compression alone with no elec- 
tric spark needed. When a diesel’s piston 
rises on its compression stroke, the air in 
the cylinder heats up and the injection sys- 
tem meters the right amount of fuel directly 
into the cylinder. This diesel fuel-air mix- 
ture burns more slowly than in gasoline 
combustion. This is one reason why diesel 
engines produce their power at lower 
speeds than a gasoline counterpart. 

Also, a diesel engine operates without 
an air throttle. Roughly the same amount of 
air enters the engine at all times. The 
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amount of power produced depends on the 
amount of fuel injected. Since a diesel 
needs only a little fuel at light load, it gives 
very good fuel economy—20 to 30 percent 
better than its gasoline counterpart. 


EXHAUST SYSTEM 
A car’s exhaust system connects the 


engine’s exhaust to an exhaust pipe, muf- 
fler, and tail pipe. A muffler has a compli- 


Exhaust manifold and muffler. 
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How the carburetor works. Gasoline e float 
chamber by means of the fue! n ushes 
up a needle valve when the es the 
proper level in the chamber he flow 
of gasoline. When the gaso eedle 
valve drops and gasoline enters amber 
again. Air is pulled into the cart r from 
above by the suction of the engine e car- 
buretor tube narrows as it approact ening 
leading from the float chamber; a ms the 
shape known as a venturi. Gaso! j into 
the venturi from the float chamber a j with 
air. The throttle controls the amount r-and- 
gas mixture that is admitted to the and it 
regulates the speed of the engine which 


is near the other end of the carburet con- 
trol the proportion of air in the mixt 


cated collection of baffles and mbers. 
These take energy from the ex t flow 


and reduce the noise of combusti Emis- 
sion controls are often part of the exhaust 
system. 
TURBOCHARGING 

Some engines, either gasoline or die- 


sel, have turbochargers, devices that use 
exhaust heat to drive a small turbine and 
compressor. The turbocharger packs more 
air and fuel into the combustion chambers. 
Power output of an engine is increased with 
no change in its displacement. The turbo- 
charger is designed to work at a higher en- 
gine speed and load, so under most driving 
conditions the engine runs in its normal 
“unboosted” form. The amount of maxi- 
mum boost is controlled by a device called 
a wastegate. The wastegate routes exhaust 
gases past the turbocharger once the de- 
sired boost is reached. In a production-car 
application, the turbocharger gives a maxi- 
mum boost of five to 10 pounds per square 
inch (psi). This gives 20 to 30 percent added 
power. 

_ A supercharger does a similar job. But 
instead of being exhaust-driven, a super- 
charger is driven by the engine. 


ELECTRICAL SYSTEM 


A ear’s electrical system has a storage 
battery and starter, an alternator, an igni- 
tion system (if gasoline-fueled), a lighting 
system, and accessories such as instru- 
ments, radio, and heater-defroster fan. 

Current from the battery causes the 
starter to turn. The starter is a powerful 
electric motor that operates the engine until 
it runs by itself. The battery stores the elec- 
tric charge, and it is kept charged by the 
alternator, an alternating-current generator 
that is driven by the engine. Other devices 


automatically adjust the charging rate. 
Diesel engines are usually equipped 
with glow plugs for heating their combus- 


tion chambers before starting. Once run- 
ning, however, a diesel engine needs no 


further electrical means of maintaining 
combustion. 

By contrast, a gasoline engine needs 
an ignition system to give a spark at each 


of its cylinders’ spark plugs. The spark 
jumps a small gap in the spark plug and 
starts combustion just before the piston 
reaches the top of its compression stroke. 
The spark plug’s current comes from 
an electric coil sealed in a cylindrical case. 
The coil turns low-voltage current into the 
high-voltage current needed to jump the 
spark plug’s gap. The high-voltage current 


is sent to the correct spark plug in the 
proper order by the distributor, a sort of 
rotary switch. The distributor also contains 
a device for setting the exact time of firing 
each spark plug. For many years this was a 
set of breaker points operated mechani- 
cally. More recently, electronic switching 
devices have replaced breaker points. 

Also controlled is the spark advance. 
This is the needed lead time for the spark 
to start combustion under different engine 
speeds and loads. Previously done by vac- 
uum and mechanical means, this has also 
been replaced by electronic control. 

A car’s lighting system is also electri- 
cally operated. Two or four headlights light 
the road ahead. These lights have low 
beams for ordinary driving and high beams 
to give added illumination. Parking and 
side lights aid nighttime visibility. Rear 
brake lights operate together with the driv- 
er’s brake pedal. Directional signal lights 
at each corner of the car are used to signal 
a turn, and all four of these can blink to 
alert other vehicles to a hazard. 

Headlights for U.S. cars are of the 
sealed-beam type. These have a tungsten 
filament, reflector, and lens sealed in a sin- 
gle molded unit. Those in Europe have the 
earlier bulb-type assembly, improved with 
introduction of halogen bulbs. A halogen 
bulb has its filament burning hotter and 


The ignition system. An electric spark is needed to ignite the fuel and air mixture. 
The spark is supplied by the spark plug, shown at the right. At least 10,000 volts 


cross the spark gap on the plug. 
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brighter in a halogen gas, usually an iodide 
chemical. These bulbs are also more effi- 
cient electrically. For this reason U.S. 
headlight manufacturers have fitted halo- 
gen bulbs into the legally required sealed- 
beam headlights. 


LUBRICATING SYSTEM 


An engine’s lubricating system has two 
jobs: it reduces wear and metal-to-metal 
friction by separating parts with a thin film 
of oil, and it carries away excess heat. An 
oil supply of four to five quarts is carried in 
the engine’s crankcase and pumped 
through the engine at a pressure of around 
40 pounds per square inch. 

The oil travels through Passages to 
crankshaft bearings, camshaft bearings, 
timing gears, and valve gear. A controlled 
amount of oil is left on the cylinder walls 
by the piston rings. After traveling through 
the engine, the oil drains back into the 
crankcase, where it gives up heat before 
being pumped through the engine again. 
Some cars have extra oil coolers to aid this 
process. 


COOLING SYSTEM 


Much of the combustion heat is not 
turned into usable power, and an engine’s 
cooling system removes this excess heat. 
Although some cars are air-cooled using 
blower fans, most are water-cooled. Water 
Is not the correct term, actually, because 


The lubricating system of an aui 
various surfaces where it is n 
Causes oil to be splashed ont 


OIL IN CRANKCASE 


THE AUTOMOBILE 


OIL PUMP 


Arrows indicate direction of water flow in this cooling 
system. 


the coolant is really a mixture of water and 
ethylene glycol. This chemical is used to 
keep the water from freezing in cold 
weather. The coolant also contains other 
chemicals to prevent corrosion and foam- 
ing. 

Coolant at low temperature is drawn 
from the bottom of a radiator mounted sep- 
arately from the engine. An engine-driven 
pump helps this flow. The coolant travels 
through engine passages, absorbing heat as 
it goes. Then it is returned to the top of the 
radiator, where it gives off heat to the air- 
stream passing through. A cooling fan aids 
this process. 


itomobile engine. Left: the Pump forces the oil into 
eeded, Right: the rotating action of the crankshaft 
o different engine surfaces. 
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EMISSION-CONTROL SYSTEM 


The emission-control system reduces 
three harmful chemicals that accompany 
combustion. These are carbon monoxide, 
ned hydrocarbons, and nitrogen ox- 


Hydrocarbons and carbon monoxide 
are by-products of burning fuel. To mini- 
mize these two pollutants, it is best to im- 
prove and continue the combustion process 
as long as possible. Continued combustion 
takes place in the exhaust system close to 
the engine. Often air is injected into the 
system to provide the extra oxygen needed 
for the added combustion. 

Nitrogen oxides are formed whenever 
something is burned. More oxides are 
formed at higher temperatures. Exhaust 
gas recirculation (EGR) reduces nitrogen 
oxides by lowering ignition temperatures in 
the combustion chambers. This is done by 
mixing a portion of exhaust gas with the 
engine’s fresh mixture of fuel and air. 

An engine’s output of these pollutants 
depends a lot on its fuel-air ratio. Control- 
ling pollutants is complicated because en- 
gine tuning to a fuel-air ratio that gives low 
carbon monoxide and hydrocarbons also 
gives the most nitrogen oxides, and vice 
versa, 

Catalytic conversion is another way to 
control pollutants. This uses precious met- 
als acting as catalysts to help convert pol- 
lutants into less harmful substances. The 
catalyst is a material that increases the rate 
of chemical reaction. In a car, the catalytic 
converter is a canned package installed in 
the exhaust system ahead of the muffler. 
Converters are of three types: oxidizing, 
dual-bed, and three-way. An oxidizing con- 
verter uses a platinum catalyst to turn car- 
bon monoxide and hydrocarbons into 
carbon dioxide and water. A dual-bed con- 
verter has an oxidizing unit behind another 
catalytic material, usually platinum and 
rhodium. The first unit turns nitrogen 0x- 
ides into harmless nitrogen and carbon 
dioxide. The second unit oxidizes carbon 
monoxide and hydrocarbons. A three-way 
converter combines both types of catalysts 
into one unit, but it needs a very carefully 


controlled fuel-air mixture to work well. 
This system usually has an oxygen sensor 
in the exhaust pipe. The sensor is linked to 
electronic controls that stabilize the fuel-air 
mixture by adjusting the carburetor or fuel- 
injection system. 

Catalyst materials can be poisoned by 
lead. Thus, unleaded gasoline is required in 
cars having catalytic converters. However, 
taking lead out of gasoline has caused other 
problems. Lead chemicals such as tetra- 
ethyl and tetramethyl lead are very good 
for preventing a harmful form of combus- 
tion known as knock. A gasoline’s octane 
rating measures its antiknock protection, 
and octane ratings have gone down because 
of the elimination of lead. 

Yet, catalytic conversion remains one 
of the better ways to reduce auto pollution. 
Unlike other control methods, it has little 
effect on fuel economy or performance. 


THE TRANSMISSION 


A car’s transmission and final drive 
take the engine’s power, convert it to a use- 
ful speed range, and transfer it to the drive 
wheels. Gear ratios are chosen so that first 
gear is used to start from rest, intermediate 
gears are used for steady acceleration, and 
top gear gives fuel-efficient, quiet running 
at a steady cruising speed. Transmissions 
may be either manual or automatic. 

A driver selects gears with a manual 
transmission through use of a shift lever 
and foot-operated clutch. The clutch links 
the gears to the engine’s crankshaft and al- 
lows connection and disconnection of the 
two. 

Manual transmissions have three, 
four, or five forward gears plus reverse. 
Each set of gears has the correct number of 
teeth to give the desired ratio of output- 
shaft speed to that of the engine. If, for 
instance, the ratio of teeth on the input gear 
to the output-shaft first gear is 3.5:1, this 
means the engine’s crankshaft will turn 3.5 
times for each revolution of the transmis- 
sion output shaft when in first gear. Gear 
selection uses sliding forks operated by the 
driver’s shift lever. 

Some transmissions are direct-drive in 
top gear, with a sliding sleeve that locks 
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A cutaway view of a typical automatic transmission shows the main components. 


input and output shafts together. Others 
have overdrive top gears, that is, separate 
gear sets that give a ratio of less than 1:1. 

With an automatic transmission, the 
choice of gear is not directly under driver 
control. It depends on engine speed, road 
speed, and load. Most modern automatic 
transmissions have two separate parts: a 
torque converter and a three- or four-speed 
planetary gearbox. 

The torque converter serves two pur- 
poses. It acts as a clutch in cushioning the 
connection between the engine and trans- 
mission, and it increases the torque, or 
twisting force, sent to the output shaft. The 
torque converter is made up of a housing 
filled with hydraulic fluid and containing 
three pieces: an impeller, a turbine, and a 
stator. The impeller is connected to the en- 
gine’s crankshaft and so it turns at engine 
speed. This movement creates a fluid flow 
within the housing that drives the turbine. 
The flow is made more powerful by the sta- 
tor, which redirects the fluid. The turbine 
is connected by a shaft to the planetary 
gear set at the rear of the transmission. 
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When the driver places the control 
lever in “Drive,” the impeller turns slowly 
at the engine’s idle speed. This is barely 
fast enough to turn the turbine, and a light 
pressure on the brake pedal will hold the 
car in place. As the driver presses on the 
accelerator, the engine speed increases and 
this drives the impeller with greater force. 
The impeller in turn drives the turbine. Hy- 
draulically operated clutches on the plane- 
tary gears bring about automatic shifts that 
depend on speed and load. 

Because of its fluid drive, there is al- 
ways some slipping in an automatic trans- 
mission. To reduce this, several modern 
designs have locking clutches that come 
into operation during some driving. 


FINAL DRIVE 


. The routing of power from the trans- 
mission depends on whether the car is 
front- or rear-wheel drive. With rear-wheel 
drive, the transmission’s output shaft is 
connected by universal Joints and a drive- 
Shaft to the car’s final drive unit at its rear 
axle. With front-wheel drive, the output 


PROPELLER SHAFT 


PINION GEAR 


MASTER GEAR 


shaft is connected directly to the final-drive 
unit, often part of the same housing. From 


there, half shafts send the power to the 
front wheels through universal joints that 
\e wheels to be steered as well. 


alloy 

in either case, the final-drive unit con- 
jevice called a differential. This lets 
's two driving wheels rotate under 


\e systems have as many as five forward gears. 


power while following different arcs, the 
outer wheel traveling farther in a turn than 
the inner one. 

Some cars have four-wheel drive. 
These combine systems similar to front- 
and rear-wheel drive. Some four-wheel- 
drive systems operate all of the time. Oth- 
ers are designed for driving in mud, sand, 
or dirt and allow two-wheel drive for ordi- 
nary conditions. 


THE CHASSIS 


A steel one-piece chassis and body are 
common for most modern cars. The chassis 
has places for engine mounts, suspension 
mounts, and attachment points for the 
bodywork’s front fenders, doors, hood, and 
trunk lid. 

As its name suggests, the suspension 
suspends the car from the road through its 
tires. Suspensions include locating links, 
springs, shock absorbers, wheels and tires, 
together with brakes and steering. 

The front suspension of most modern 
cars is independent. This means that road 


ual, or standard, transmission, showing three forward gears and reverse. 


Second gear 


Third gear 


Reverse gear 
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shocks of one wheel will not affect the 
other, Two types are common: A-arms and 
MacPherson struts. The first has each front 
wheel hub mounted on a pair of A-shaped 
arms attached to the chassis through rubber 
bushings. A coiled steel spring absorbs the 
shock of road bumps and a separate shock 
absorber keeps the spring from bouncing 
up and down in an uncontrolled way. 
Shock absorbers are also called ‘‘dam- 
pers,” and this term gives a better descrip- 
tion of their job: they damp the spring 
motions. 

MacPherson struts are increasingly 
popular. Here each hub is attached to an 
angled strut, with the top of the strut con- 
nected to the chassis. The bottom is usually 
located by a lateral link. MacPherson struts 
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A typical recirculating-ball 
type of steering system. 
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have coil springs wound around them and 
dampers built in. 

In its rear suspension, the traditional 
front-engine/rear-drive car has a ‘‘live” 
axle supported on coil or leaf springs. 
Dampers are also fitted, along with links to 
locate the axle. 

Independent rear suspensions give bet- 
ter ride and handling than most live axles. 
These have a variety of links position 
each rear hub. Several front-wheel-drive 
Cars use a modification of this, with a light- 
weight beam axle on coil springs 

Last, a somewhat flexible bar called an 
antiroll bar may be fitted at either or both 


ends. By shifting a certain amount of load 
from the heavily loaded outside wheel ina 
turn, an antiroll bar reduces car lean 


stamo wen 
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Parts of a rack-and-pinion 
type of steering system. 


Universal joint 


WHEELS AND TIRES 


el or alloy disc wheels are mounted 
bs with bolts for detachment. Tires 
o types: bias ply or radial, depend- 


ing the direction of the cords forming 
the tive structure under its tread. Bias-ply 
tires have cords wound on a slant; radial 


e their cords at a right angle to the 
; of travel. Since the mid-1950’s, 
most tires have been tubeless, with layers 
hetic rubber and other materials 
the air within the tire. 

ial tires have become almost uni- 


versal because they wear longer and have 
less resistance in rolling, giving better fuel 
economy. 
STEERING 

ring gear, part of the front suspen- 
sion, jets the car’s direction be changed. 
Two common types are recirculating ball 
and rack-and-pinion. With the first, rota- 
tion of the steering wheel turns a worm 


gear at the bottom of the steering column. 
This worm gear fits into a hollowed nut 
containing steel balls added to reduce fric- 
tion. Movement of the nut turns a toothed 
sector, and this rotation moves a short 
steer (or pitman) arm. Tie rods and 
other links connect the steering arm to the 
wheel hubs. 

With rack-and-pinion steering, turning 
the steering wheel gives a straight-line mo- 
tion of a toothed bar, the rack, operated by 
a column-mounted gear, the pinion. As the 
steering wheel rotates, the rack moves 
back and forth, with tie rods connecting it 
to the wheel hubs. It is a more direct and 
sensitive type of steering. 


BRAKES 


Brakes use friction to stop a car. Two 
types are in use: disc brakes and drum 
brakes. Disc brakes are common on the 
front wheels of most modern cars. With 
these, a disc rotates with the wheel, and 
one or more fixed calipers press friction 
pads against the disc through the action of 
hydraulic pistons. The action is similar to a 
bicycle’s caliper brakes that rub pads 
against the wheel rims. 


DISC BRAKE Rotating 
Brake line 
containing 
brake fluid 


Brake line 
containing 
brake fluid 


Brakes are necessary for the proper stopping of a car. 
There are two types of brakes in uset the disk brake 
(top) and the drum brake (bottom). 


Drum brakes, the older type, are still 
fitted to the rear of many cars. Here hollow 
metal drums rotate with the wheels, and 
pivoting brake shoes lined with friction ma- 
terial are pressed against the drums’ inner 
surfaces. Drum brakes are less effective 
than disc brakes in giving off heat. 

For reasons of safety, two sets of hy- 
draulic lines operate the brakes, usually on 
diagonally opposite wheels. In this way, 
failure of one line will not cause total brake 
failure. Both systems are controlled by the 
driver’s brake pedal, often with vacuum as- 
sist to reduce the required pedal pressure. 
Also, the rear wheels are fitted with a 
cable-operated brake for parking and emer- 
gency use. 
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PASSENGER SAFETY 


Passive safety is an important aspect 
of body design. The idea is for a car’s struc- 
ture to absorb energy in a controlled way 
in the event of a collision, but leaving the 
passenger compartment largely unaffected. 
If the passengers are properly restrained by 
lap and shoulder belts, this gives excellent 
protection. Examples of passive-safety 
provisions include engine mounts that push 
the engine downward in a front impact, 
door beams that keep objects from pushing 
through, and windshields of safety glass 
that are held in place on impact. As part of 
a car’s safety certification by the U.S. gov- 
ernment, samples are crash-tested in front 
and rear impacts at 48 kph. 

Because many people do not under- 
stand the importance of using seat belts, 
passive means of restraint have also been 
developed, Passive belts, for instance, au- 
tomatically secure a seated passenger, and 
protective air cushions, or “air bags,” in- 


flate automatically in the event of an im- 
pact. 


FROM DESIGN TO PRODUCTION 


_ Design, development, testing, certifi- 
cation, and manufacturing planning for a 
new car take about four years. Engineering 
Studies, undertaken by specialists in each 
Subsystem, begin long before any parts are 
made. While engineering work goes on, 
Stylists sketch body designs, often in ex- 
treme “dream car” shapes, but still offer- 
ing what the stylist sees as automotive 
beauty, Later, clay models are made in 
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The electric « has been 
Proposed as an alternative 
to the fossil l-using au- 
tomobile of today 
more practical shapes, and these are tested 
for aerodynamics in wind tunnels 
Finally, handmade prototypes are 
built. These are tested at automaker prov- 


ing grounds and on public roads. They are 
often disguised to keep the design secret 
until introduction of the new model. During 
this time manufacturing engineers plan the 
new car’s assembly. 

Before an automobile reaches its final 
assembly point, each of its many parts and 
subsystems has gone from raw or partly fin- 
ished form through many stages of machin- 
ing, finishing, and subassembly. Much of 
this is done by robots operated by comput- 
ers. 

Final assembly brings all these subsys- 
tems together in an impressive display. The 
painted chassis/body begins its trip down 
the assembly line. Overhead cranes or 
floor-mounted conveyors move it along at 
a slow walking pace. Various parts are 
brought by other conveyors to workers at 
exactly the time they need them. At one 
location the engine is lowered from above; 
at another, suspensions are installed from 
below, Throughout the process quality- 
control inspectors check that specifications 
are met—and the automobile quickly takes 
shape. 

The entire final assembly of an auto- 
mobile takes no more than a few hours. In 
fact, since many cars are built one after the 
other, a car leaves the assembly line 
roughly once a minute. Yet, years of plan- 
ning, development, and testing, and a great 
deal of talent go into production of a mod- 
ern automobile. 


An ¢ ically powered locomotive. This engine is designed to operate on power 


deri ‘om overhead wires, 


THE RAILROAD 


Roads have been made and used by 
people since prehistoric times. They have 
ranged from the roughest trails to the broad 
super-highways. The problem has often 
been to provide a smooth, hard surface, so 


that wheeled vehicles could move easily. 
When someone hit upon the idea of 

using rails, on which the wheels of wagons 

could roll, this meant that the friction be- 


tween vehicle and road could be decreased 
considerably. It enabled man to move larg- 
er loads with far less energy than before. 


HISTORY 


Short railways, using wagons drawn 
by horses or oxen, were built in England 
and Europe as early as the sixteenth centu- 
ry, and later in the Americas. They hauled 
coal, stone, and ore from mines or quarries 
to nearby waterways. Their rails were of 
wood, or of wood capped with iron, Later 
they were made entirely of iron. 

After the development of the practical 
steam engine in the eighteenth century, in- 
ventors tried to adapt it for motive power 
on the railroads. By 1804, an English engi- 
neer named Richard Trevithick had con- 
structed a steam locomotive able to pull 
loaded mine cars. Public steam railroads 
first opened, in England, in 1825. 


The United States was very close 
behind England in the development of 
steam railroads. In 1825, John Stevens, of 
New Jersey, built and ran a small experi- 
mental locomotive. The first locomotive to 
run on a regular U.S. railroad was the 
Stourbridge Lion, in Pennsylvania, in 1829. 

In 1830, a section of the Baltimore & 
Ohio Railroad was the scene of a race be- 
tween a horse-drawn vehicle and the Tom 
Thumb, a locomotive built by Peter Coo- 
per, a U.S. ironmaster. Although the horse 
won, the railroad soon afterward adopted 
steam power. Also in 1830, regular sched- 
uled train service began in the United 
States. The locomotive, the Best Friend of 
Charleston, hauled cars daily on the South 
Carolina Railroad. 

From these beginnings, trains and 
railroads developed rapidly. Steam locomo- 
tives became larger, faster, and more 
powerful. They assumed their modern 
form—with a horizontal boiler, a cab for 
the engineer at the back, and a smokestack 
and a pilot, or “cowcatcher,” at the front. 
Fuel—wood, then coal—was carried in a 
car, or tender, behind the locomotive. 

The first cars were basically wooden 
wagons and stagecoaches fitted with 
grooved wheels to run on rails. Later in the 
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FREIGHT TRAINS 


Railroads have a great variety of cars 
in which to transport different kinds of 
goods. Perhaps the most familiar is the box- 
car, which is completely enclosed with 
sides and a roof. It carries products that 
must be protected from the weather or from 
theft. A stockcar is a boxcar with slatted 
sides, to allow air for the animals inside. A 
refrigerator car is a boxcar chilled by 
means of ice or a machine, to preserve per- 
ishable items. 

For carrying huge, heavy, but durable 
loads, gondolas are employed. These are 
Cars with low sides and no top. Hopper cars 
carry coal and ore. They have high sides 
and an open top and may be tippable to 
release their loads. Some hopper cars are 
roofed in, but are provided with hatches 
for loading and unloading. 

Flatcars are simply open platforms on 
wheels, with no sides or top. They can 
carry large loads, particularly trucks, trail- 
ers, and wheelless containers. This service 
eliminates the need for unloading the con- 
tents of trucks, trailers, or containers at a 
railroad station and then reloading the con- 
tents at the destination. 

Another type of car is the multilevel 
rack, for transporting new automobiles 
and trucks from manufacturer to dealer. A 
triple-deck rack car can carry fifteen vehi- 
cles. 

Tank cars, some insulated like vacuum 
bottles, move oil, gasoline, liquid chemi- 


The Japanese National Railways 
has developed this miniature 
high-speed train. When Moving it 
actually hovers over the track. 
Special superconducting metals 
in the train are magnetically re- 
pelled by the track, keeping the 
train a little bit above the surface. 


THE RAILROAD 


cals, or beverages. Large ones may havea 
capacity of 114,000 liters each 

Loaded freight and tank cars are often 
sent from one railroad to another before 
they arrive at their final destinations. This 
is why we often see cars of different lines 
joined together in one train. But a unit train 
carries a single commodity, or various com- 
modities in containers, between two points 


in one run, without yarding and switching 
of cars. 

At the end of a freight train is a closed 
car called a caboose. It serves both as 
quarters for the crew and as an observation 


post for monitoring the train 
RAILROAD EQUIPMENT 


Railroads have many different kinds of 
cars and machines with which to construct 
and maintain their lines. They include 
cranes, derricks, steam shovels, pile 
drivers, rail unloaders, various track main- 


tainers, supply cars, and snow plows. 

But the total property of railroads goes 
far beyond these. There are the rights-of- 
way, or the land occupied by the tracks; 
tracks; signals; embankments: tunnels; 
bridges; switches; stations: yards; dock 
and port facilities; repair and maintenance 
shops; telephone, telegraph, and power 
lines; radio, television, and radar; and 
others. 

The track is the very basis of the 
railroad line. It consists of parallel rails laid 
at right angles to crossties which are wood- 
€n or concrete, on a roadbed of gravel, or 


Japanese National Railways 


ballast. The standard steel rail is shaped 
etter T, resting on a wide base, or 
The rail sections are bolted or 
together. 

ins run along the tracks, their 
ments are guided with electrically 
l signals placed alongside the rails 
d. These fixed, or wayside, sig- 
the right-of-way into sections, 
ks. As a train enters a block, it 


move 
oper: 
or ¢ 

nals 
calle 


automa ly sets the signals in that block 
to indi “stop” to any following trains. 
The s in the block behind the one in 
which this train is running often indicate 


“caution” or “slow” to a following train. 
When the train is a long distance from a 
block, the signals there read “track clear” 
again 

rhe signals may be in the form of col- 
ored lights or swinging arms, called sema- 


phor )n some railroads, the same types 
of si ights are located on a panel in the 
cab <í locomotive. They are activated 
by elk > current passing from the tracks 
into the locomotive. 


If a train has to move onto a different 
track, it is shunted by means of a switch. 
This is a device that shifts movable rails at 
points where different tracks separate or 
come together. Switches may be operated 
directly by hand or by remote control 
through motors. Switches are often located 
in yards, stations, and junction points. 

In the so-called interlocking system, 
tracks and switches at a given location are 
set and locked against all but one train 
movement at a time. This system is often 
applied at terminals and junctions, where 
trains are constantly being rerouted. The 
controls are interlocked in such a way that, 
unless an established procedure is fol- 
lowed, no switches can be thrown. 

Another system of handling train trav- 
el is centralized traffic control, or CTC. 
Here the movements of trains over many 
kilometers of track are electrically con- 
trolled by an operator from a central board, 
or panel. CTC allows the operator to signal 
any train crew and give them instructions. 
He can also contact a train by radio or tele- 
phone. Computers have now been applied 
to the dispatching of trains also. 


Chesapeake & Ohio Railway 


At work in the nerve center of a modern freight-car 
classification yard. Computers direct the classifica- 
tion and movement of cars, under the watchful eye of 
a yardman at a monitor. 


SOPHISTICATED TRAINS 


A train may be able to identify itself 
automatically by means of a tuned coil it 
carries. As this coil passes through the 
fields or fixed coils at wayside stations, the 
train automatically lines up its own routes 
through various interlockings. 

Railroad communication, from station 
to station, from train to train, and from train 
to station and vice versa, is highly sophis- 
ticated today. Telephone, telegraph, and 
radio are used. Radar is also important, es- 
pecially in train floats and ferries. Televi- 
sion monitors the sorting of freight cars in 
yards and traffic conditions on the rails. It 
also watches track-highway crossings and 
sounds warnings whenever necessary. 

With all the advances outlined above 
and the great possibilities of new technol- 
ogy, many authorities foresee a time when 
trains will again become prime movers of 
passengers. Trains produce less pollution 
than do automobiles and airplanes. They 
use less fuel to carry passengers and 
freight. And their tracks use less land than 


do roads. 
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URBAN 
MASS TRANSPORTATION 


by Forrest E. Harding 


As the dawn of civilization pierced the 
darkness of man’s primitive state of exis- 
tence, the foundations of city life began to 
emerge, Created out of a common need, 
human communities slowly developed. 
Here, altars were constructed, fortresses 
were built, and markets for the exchange of 
goods evolved. The beginnings of govern- 
ment took shape. 

The first of these early cities appeared 
about 4000 B.c. in what is now the nation 


URBA: a form of mass transit. In this French project, 
the train hangs by suction from an Overhead rail. It is 
propelled by a motor system that has no moving parts. 


Compagnie d’Energetique Linéaire 


URBAN MASS TRANSPORTATION 


of Iraq. Later urban centers arose in the 
great valley of the Nile River, in E yt, be- 
tween 3000 and 2000 B.c. All w com- 
munities of modest size, each hav 5,000 
to 20,000 inhabitants. 

These early centers of ci ition 
eventually led to the rise of the Gr city- 
State and the great city of Rome If. At 
the peak of its power, under the toman 
Empire from the first century B.C, to the 


fifth century A.D., Rome was the home of 
more than 1,000,000 people. It 5 the 
largest urban center in Europe before the 
coming of the present industrial age Like 


many a modern city, Rome was piagued 
with traffic problems. To ease the « nges- 
tion, Julius Caesar barred the use of the 
Streets to freight wagons during daylight 


hours. 

An interesting similarity between an- 
cient cities and the urban centers of little 
more than a century ago is that all people 
either walked or were conveyed by horses 
or other draft animals or even by other 
human beings. Obviously, travel was highly 
limited. Until the last quarter of the nine- 
teenth century, therefore, cities radiated 
only some three to five kilometers outward 
from their political and economic centers. 
Each one could reach a maximum area of 
only about 50 square kilometers. Within 
these boundaries, however, population den- 
sities equaled those of many of today’s 
Cities. 

Had you lived then, what would you 
have seen? First, you would have noted 
that virtually all the important jobs were 
located in the center of the city. Second, 
you would have observed concentric cir- 
cles of residences surrounding this working 
urban core. In fact, as recently as 1890 you 
would have noticed streams of workers, 
three or four kilometers long, trudging from 
their homes to their jobs in the centers of 
major cities. 


GROWT THE MODERN CITY 


The mechanization of transportation 


and ind y set the stage for the vast met- 
ropolita sas many of us know today. 
With < a hiss, and a whistle, the newly 
invente am locomotive revolutionized 
land tr ortation. 

Although it was intended largely for in- 
tercity ross-country travel, the steam 
train v first the only mechanical trans- 
portat ailable to city dwellers. Rib- 
bons « | track soon tied urban popula- 
tions | economic hubs of the growing 
cities 

Di the latter half of the nineteenth 
centur vever, electricity was applied to 
urban t ortation. In 1884 the first com- 
mercia erated electric railway was es- 
tablis! ı Cleveland, Ohio. Afterward, 
many r cities adopted this type of 
transportation system. 

Some communities raised the tracks of 
their steam- or electrically-powered trains 
above streets. Except for those in 
New York and Chicago, these elevated 
railroads, or “els,” were unpopular. The 
reason re their high cost of construc- 
tion, th 1oise, and their unsightliness. In 
recent decades, most of these old “els” 
have been torn down. 

Other municipalities dug tunnels un- 
derneath the streets for their railroads. The 


earliest ones, such as the London Un- 
derground, were run with steam locomo- 
tives. Later, underground railways, or 
subways, were electrified, which made for 
cleaner, faster, and quieter operation. 

Electric trolleys became common 
about the end of the nineteenth century. 
Previously, trolleys had been pulled along 
tracks on city streets by horses. These so- 
called horsecars had served well, but they 
were very slow and could no longer meet 
the needs of vast cities with exploding pop- 
ulations, Electric trolleys were often pow- 
ered by contacts on overhead wires. Soon 
networks of tracks and overhead wires 
radiated outward from metropolitan 
centers. Many trolley lines, however, have 
been replaced over the years by buses and 
Subways. 


All these early forms of mechanized 
transportation allowed much greater flexi- 
bility in the establishment of homes in mu- 
nicipal areas. City people now had the 
choice of living up to eight kilometers from 
the center, or downtown part, of the city. 
As a result, in the early years of the twen- 
tieth century, the typical large North Amer- 
ican or European city covered up to 200, 
instead of only 50, square kilometers. 

Often, much of the new residential 
zones was “suburban” in character and 
served by long subway, train, “el,” or 
trolley lines. From these beginnings, ur- 
banization grew rapidly. By 1920, industri- 
alized nations like the United States had 
more people living in towns and cities than 
in country, or rural, areas. 

Recent census figures show that this 
urbanization process has become extreme. 
Over two thirds of North Americans now 
live in regions designated as metropolitan, 
because of the high density of their popula- 
tion and housing. Of these people, more 
than half live in suburbs rather than within 
a so-called “inner city,” or original urban 
core. In recent decades, suburban commu- 
nities have grown by over 25 per cent in the 
United States and Canada. 

In contrast, some of the largest cities in 
the United States either have not increased 
in population during this time or have actu- 
ally lost people. In twentieth-century North 
America, the population has been decentral- 
ized into vast metropolitan complexes. 


A Light Rail Vehicle, or LRV, being tested as a means 
of urban transportation. The system runs on power 
from overhead wires. 
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THE AUTOMOBILE 


What about this latest metropolitan 
decentralization? Is it also related to trans- 
portation? The answer is yes. Decentraliza- 
tion has been drastically increased by the 
advent of the automobile. 

Many experts do not consider the au- 
tomobile to be a form of mass, public trans- 
portation, as trains and buses are. The auto 
is essentially a private vehicle, even when it 
is a taxi. Nevertheless, the car has become 
an almost universal means of movement for 
many millions of people. In some cities, 
such as Los Angeles, California, it is about 
the only mechanical transportation avail- 
able. In still other cities, the auto and the 
highway are in such strong competition with 
the bus and the train that they have nearly 
crippled the successful operation of all 
these public mass carriers. 

How did this situation come about? 
When Ransom Olds wheeled his home- 
made motorcar out of his father’s shop 
early one morning in 1887, he could hardly 
have realized the impact it would have on 
the lives of coming generations. A competi- 
tor of his, Henry Ford, later developed the 
assembly line, which put the automobile 

within the reach of almost every working 
person living in the United States. Not 
even Henry Ford would have dreamed of a 
time when more than 100,000,000 au- 
tomobiles would pack the highways of 
North America. 

If you have ever been caught in a traf- 
fic jam, perhaps you have suspected or 
realized that the automobile is the most 
popular form of urban transportation today. 
In the United States, for example, more 
than 75 per cent of all commuters choose to 
drive, and 90 per cent of all types of urban 
travel is by car. 

Why is this the case? There are many 
reasons. First, the auto is a great personal 
convenience, in many instances permitting 
door-to-door transportation. Second, it is 
for many people a status symbol—a sign of 
Power, wealth, and speed. And third, the 
automobile provides almost unlimited mo- 
bility for young and old alike. Jumping in 
behind the wheel of a car is the ultimate in 
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freedom to numerous drivers—t ability 
to go anywhere a road may take o: = and to 
flee one’s problems, at least for a time. 


With the coming of the cheap motorcar 
in the early 1900s, the demand for sew and 
improved streets and roads began 0 grow. 
Beginning in 1916, the United States fed- 
eral government helped finance highway 
construction on an ever-wideni scale, 
from the local to the interstate ley imilar 
progress took place in Canada, especially 
after 1945, although provincia! vern- 
ments were largely responsible 

This tremendous highway ansion 
ultimately led to the great urban « ntrali- 
zation of today. Once limited-access road- 
ways were completed in metropolitan 
areas, the flight of inner-city re nts to 
the suburbs was on in earnest. Pe: could 
now commute much greater distances than 
ever before between home and jo 

It is possible to overdo a good thing. 
Today we suffer from many automobile- 
related problems: massive traffic jams; 
pollution of the air by auto exhaust: noise; 


overuse of land for parking lots and 
garages; and death and injury in automobile 
accidents. Superhighways spiderwe! over 
the landscape, uprooting entire communi- 
ties. “Good” roads deposit millions of addi- 
tional people in already congested down- 
town areas, and in parks, on beaches, and at 
other recreation areas. The city of Los 
Angeles devotes 85 per cent of its down- 
town land to the use and care of au- 
tomobiles, yet it is still congested. And the 
Costs of highway construction have become 
Staggering—as much as $60,000,000 per 
kilometer. Yet governments continue to 
make gigantic outlays for more road con- 
struction. 

Automobiles consume vast quantities 
of the world’s oil resources as gasoline. 
Gasoline shortages are already troubling 
the United States and other industrialized 
nations, which must import much of their 
petroleum. Automobiles are thus one of the 
prime causes of the energy crisis spreading 
in many areas of the globe. 

Difficult to measure exactly is the 
social cost of the massive growth of autos 
and highways. How do we measure the fall 


in job performance brought on by the daily 
traffic “battle’’ on the freeways? How do 
we estin the impact of the isolation of 
neighborhoods by a maze of superhighways 
that are impossible to cross on foot? How 
many | ncome people are unable to 
find or hold jobs because they cannot afford 
acar and there is no public mass transpor- 
tation available? And how do we help peo- 
ple evicted from their homes by the 
mushroo z construction of highways? 
DECLINE PUBLIC TRANSPORTATION 


ipite of the objections discussed 
y authorities still insist the au- 


tomobil« 


T e best answer to our transpor- 
tation p ms. But a growing number of 
experts, and of ordinary citizens as well, 
are d ding bigger and better public 


transit facilities to offset the effects of the 
automobile. As the popularity of the au- 
tomobile has zoomed, however, urban 
mass-transit systems have been allowed 
to deteriorate, particularly since the 
mid-1940s. This has happened despite a 
sharp rise in urban population. In North 
America, mass transportation in cities has 
lagged behind population growth and has 
generally become outmoded, unpleasant, 
ineffective, and even dangerous. 

Three critical factors have contributed 
most to the decline of public mass transpor- 
tation: ( 1) enormous increases in the cost of 
operation; (2) a steep drop in the number of 
passengers and, therefore, in transit reve- 
nues; and (3) uneven, inefficient use of the 
vehicles, with full loads during morning and 
evening rush hours only. We may add the 
fear of crimes committed in many urban 
transit facilities. 


To eliminate automobile 
congestion and reduce 
air pollution, transporta- 
tion in this urban mall is 
limited to buses. 


© Stewart M. Green/Tom Stock & Assoc. 


ADVANTAGES OF PUBLIC TRANSPORTATION 


Mass transportation offers many ad- 
vantages to the dwellers, commuters, and 
visitors in a metropolitan region. Conges- 
tion of streets and roads is lessened be- 
cause, except for buses, mass-transit vehi- 
cles usually have their own rights-of-way. 
Buses may be excused, since each one car- 
ries far more passengers, for its size and 
weight, than the three average automobiles 
it displaces from the road. 

In addition, public transportation helps 
conserve dwindling fuel supplies. At the 
same time, it reduces air pollution. The 
chief reason is its basic efficiency as a mass 
carrier, using less vehicles and fuel per pas- 
senger. Also, certain mass-transit vehicles 
are powered by clean agents, such as elec- 
tricity or nonpolluting natural gas. The 
increased use of mass-transit facilities 
should also help cut down on auto traffic, 
with its waste of fuel and its pollution of the 
atmosphere. 

In many communities, however, 
moves are under way to make the auto 
more of a mass carrier than it ordinarily is. 
Car pools are being organized. In these, 
each private automobile takes a full load of 
passengers to work and back home again. 
This is intended to decrease traffic flow 
and save on fuel and costs. Car pools are 
working with some degree of success ina 
number of cities, and their use is on the 
upswing. They are being encouraged by 
reductions in tolls offered to cars carrying 
full loads of passengers. Some authorities 
claim that carpool costs average lower for 
many commuters than fares on bus or 
railroad lines. Other people are pushing for 
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taxis to carry more passengers to various 
destinations, not unlike the car pool. They 
see this as a way to offset the plans of some 
city authorities to ban private cars and 
cruising taxis entirely from downtown 
areas. 

In the long run, however, mass-trans- 
portation fares are generally lower than the 
cost of operating a private car over the 
same distance under the same conditions. 
In addition to the expense of gasoline, oil, 
and tires, automobile owners must include 
the costs of maintenance, repair, insurance, 
depreciation, license fees, and parking and 
toll charges in their calculations. 


NEW FORMS OF MASS TRANSPORTATION 


Solid public support, both in the form 
of money and of willingness to use mass 
transit, will be needed to restore public 
transportation in the cities. Furthermore, 
new ideas and technical advances will be 
necessary if the overwhelming preference 
for the family car is to be overcome. 

Computer technology is one of the new 
tools that can be used to help solve current 
mass-transportation problems. A good ex- 
ample is found in the San Francisco- 
Oakland metropolitan area. In September 
1972, after almost fifteen years of planning 
and construction, the Bay Area Rapid 
Transit System (BART) began service be- 
tween Oakland and Fremont, California. 
BART has been heralded as the model for 
future public transportation systems in 
other cities. It is fast, comfortable, and ef- 
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The trains of Mexico City's subway system have rub- 


ber tires, which give commuters a quiet on-free 

ride. 

ficient. Passengers enjoy a smooth and Š 
quiet ride at speeds up to 130 meters 

per hour in carpeted, air-conditioned com- 

fort. The trains travel on a ri »f-way 

apart from city streets, which ides a 
series of tunnels along the bott of San 
Francisco Bay. 

Because BART is required by char- 
acter to pay its own way, eff cy of 
operation has been a major goal s plan- 
ners. A central computer controls ‘he sys- 
tem, guiding trains, making rout deci- 
sions, and even handling tick As a 
result, far fewer people are needed to run 
the entire operation—an immens ing in 
labor costs. 

Another application of computer tech- 
nology to public transportation being 
tested in certain communities throughout 
the United States and Canada. This is the 


Magnetic Tunnel 


Shielding Facing 
Aluminum Liquid Helium 
Guideway Storage 

Low Speed and Stopped Superconducting 

Suspension System Magnet 
Aluminum Thrust Rail Linear Induction Motor 
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Magnetically operated train. A linear induction motor 
with liquid helium-cooled supermagnets produces 
electric current in the rail. The current draws the train 
along swiftly. 


In the San Francisco area, the rapid-transit system known as BART has made 
a start at solving problems of traffic congestion and the resulting pollution. 


The system attracts passengers with its modern trains and stations. 


Dial-a-I system. An automatic vehicle 
computer keeps track of all buses; their 
locations, speeds, destinations, and number 
of seats lable. A centralized telephone 
network accepts calls from potential pas- 
sengers. The locations of these would-be 


Passengers are fed into the computer de- 
scribed above. It then plots their positions, 
selects the nearest buses, and dispatches 
them to the homes of the callers or to con- 
Venient bus stops. Mathematical formulas 
are used to handle the buses so that max- 
imum efficiency is ensured. 

Dial-a-Bus systems have proven pop- 
ular in test situations in the United States 
and Canada. They have been very success- 
ful as both primary transportation and as 
feeders to commuter rail systems. Costs for 
the individual commuter are considerably 
less than for transportation by personal au- 
tomobile, and energy savings are signifi- 
cant. The systems are expected to spread 
to many cities. 

_ Another group of automated, personal- 
ized mass-transit systems under develop- 
ment is called People Movers, Personal 
Mass Transit (PMT), or Automated Mass 


BART, San Francisco 


Transit (AMT). They all operate like huge, 
but horizontal, elevators. They will use 
their own rights-of-way, with compact, 12- 
to 20-passenger vehicles. 

Imagine walking onto a boarding plat- 
form and pushing a button, much as you 
would summon an elevator. The pushed 
button would activate a central computer, 
which would inform an appropriate vehicle 
of your location and direct it there. Each 
vehicle would receive such electronic mes- 
sages from the computer through a trans- 
mission line built into the guideway. When 
the designated vehicle reached its assigned 
point, it would automatically pull off the 
main guideway and stop to let you on 
board. Once again, as in an elevator, you 
would push a button, to establish your des- 
tination in the computer’s memory bank. 
The vehicle would then take you there. 

A similar, intermediate-capacity urban 
transportation system is planned in On- 
tario, Canada, for major cities. It will 
operate on guideways at or above ground 
level. Such a system can also use estab- 
lished rights-of-way, such as water tunnels 
or the medians of divided highways. The 
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vehicles will run at 15- to 20-second inter- 
vals, reach speeds of as much as 80 kilo- 
meters per hour, and carry up to 20,000 
passengers per hour in one direction. 


FUTURE OF THE AUTOMOBILE 


Some pessimistic experts feel that the 
automobile is doomed. They see a day in 
the not-too-distant future when all autos 
will be abandoned and allowed to rust. 
Other authorities, however, think the auto 
is here to stay. They hold that the car will 
remain a leading means of urban travel in 
the foreseeable future. These experts main- 
tain that rapid-transit systems are expen- 
sive to build and operate, take time to con- 
struct, and require too much planning at all 
levels of government. Furthermore, there is 
considerable economic investment in the 
automobile and its manufacture. Therefore, 
the evolution from private to public car- 
riage in urban regions is expected to be 
slow. 

The motorcar will undoubtedly change 
significantly. It should become smaller, 
safer, and more economical, and should be 
powered by alternatives to the gasoline in- 
ternal-combustion engine. The car of the 
future should be far more pollution-free 
than present types. 

Several new types of automobile en- 
gines have been developed. The Wankel ro- 
tary engine burns gasoline to power a 
rotating element inside a chamber, instead 
of an up-and-down-moving piston in a cyl- 
inder, as in the conventional engine. The 
result is a simpler design with a superior 
power-to-weight ratio. Used commercially 
in the Japanese Mazda automobile, it 
showed no great advantages, however, and 
was not sold in the United States after the 
mid-1970’s, 

The Stratified-charge gasoline engine 
features a small extra combustion chamber 
and a double-barreled carburetor. The car- 
buretor feeds a rich fuel mixture into the 
small chamber. This mixture burns, and in 
turn ignites a lean fuel mixture, which en- 
ters a larger combustion chamber. The rich 
fuel burn is not simply exhausted into the 
outside air; excess fuel is held in the small 
chamber for the next burn. The engine was 
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Authority 


Dial-a-Bus system in operation. Passen call the 
bus by phone, give their locations, and are picked up 
by an available bus. 

introduced by Honda in 1972, and, al- 


though it offered economy and reduced pol- 
lution, it failed to gain general acceptance. 

In the gas-turbine engine, hot gases 
Create thrust through a set of turbine 
blades, which rotate a drive shaft. Expen- 
sive to build and heavy users of fuel, tur- 
bine engines have performed well in racing 
cars. 

Electricity is a smooth, quiet, pollu- 
tion-free source of automotive power. But 
electric vehicles, other than trains, will not 
be truly practical until a powerful, compact 
battery or other dependable source of cur- 
rent is available. Otherwise, electric cars 
will remain comparatively slow and require 
frequent stops to recharge their batteries. 

Steam engines have been adapted for 
modern vehicles. They feature a closed 
system that heats water to make steam’ to 
drive a turbine or piston. The used steam is 
condensed and recycled through the sys- 
tem. The steam engine is cumbersome for 
private autos, although designers claim they 
have developed suitable types. The enor- 
mous advantage of the steam engine lies 
in its cheap fuel, absence of polluting emis- 
sions, smoothness of operation, and direct 
power without the need for gears or other 


forms of transmission. It should be ideal for 


trucks and buses. 

Regardless of its power source, the 
auto is the main problem in urban traffic 
congestion. One proposed solution to this 
problem is the automated freeway system. 
Automobi'es here will operate on their own 
power © long enough to reach the 
nearest entrance ramp leading to a freeway. 
Before entering the major traffic flow, the 
driver will insert a credit card into a device 
that will then check him into the system. It 
will alsc termine the base for highway 
tolls, if there are any. 

When the auto enters the freeway sys- 
tem, a retractable arm will drop from the 
auto and make contact with a rail that is 
similar those powering elevated and 
subway trains electrically. Once attached 
to the rail, the car will become electrically 
powered rom the system, and control of 
the vehicle will pass to a central computer. 
The computer will then monitor all of the 
car’s movements. 

The driver will use a telephone to dial 
instructions about his destination into the 
system, The computer will calculate the 
best route, and reserve space for the car all 
the way he correct exit from the free- 
way. The driver will then be free to relax 
and wait for the buzzer that will warn him 


of his coming exit. When his destination is 
reached, the driver will leave the car at a 
designated spot. Since he does not own the 
car, but only rents it, it will be used by 
another person. It is estimated that an au- 
tomated freeway will be able to handle 
10,000 vehicles per hour, compared with 
the 1,500 to 2,000 vehicles that can be 
carried by a present-day freeway. 


THE 21st CENTURY 


Urban transportation is in a period of 
marked change. We are breaking many of 
our ties to the technology of our forefathers 
and are reaching for new solutions to city 
transit problems. Not only are these prob- 
lems technologically complex, but political- 
ly, economically, and socially complex as 
well. We should not expect revolutionary 
solutions to these problems. Rather, a long 
Period of evolutionary change may follow, 


unless unexpected developments occur in 
transportation or related fields. 

Unless automated freeway systems are 
widely adopted, the dominance of the au- 
tomobile will disappear or become les- 
sened. It may be replaced to a large extent, 
perhaps, by novel forms of public mass 
transportation. The decline of the auto will 
also be forced by fuel shortages, laws bar- 
ring it from the cores of our cities, and park- 
ing restrictions. Commuters and other trav- 
elers will then have to seek other kinds of 
transportation besides private cars. 

In the twenty-first century our cities 
may again become residential as well as 
commercial centers. High-rise apartments 
may speed up this process. Demand for this 
type of housing will be influenced by new 
forms of urban transportation. For people 
remaining in suburban areas, four-day 
work-weeks and staggered working hours 
should ease the burden of rush-hour traffic. 
Again the historical relationship between 
metropolitan structure and metropolitan 
transportation will have been made clear. 


Personal rapid transit systems—sometimes called 
“people movers” carry small groups of passengers 
quickly to their destinations. 
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AVIATION 


Many hundreds of years ago the story- 
tellers of the East could keep their listeners 
spellbound with tales of a wonderful magic 
Carpet that carried the princes of Bagdad 
through the air. Today, without benefit of 
magic, people have conquered the skies. 


THE HISTORY OF FLIGHT 


Certain aircraft remain aloft because 
they are lighter than air. Others are heavier 
than air, but are driven by power plants or 
are carried up by powerful air currents. We 
shall begin our story with lighter-than-air 
craft—balloons and dirigibles—because in 
them people first began to fly. 


LIGHTER-THAN-AIR FLIGHT 


The principle of lighter-than-air flight 
is simple enough. If any object is lighter in 
weight than the volume of air that it 
displaces, it will rise upward in the atmo- 
sphere. The problem is to find a substance 
that is lighter than air. 

The Chinese solved the problem many 
centuries ago, They learned that heated air 
Weighs less than ordinary air. By inflating 
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hollow paper dragons with hot they 
were able to send the toys alofi. No one 
made use of this idea for human flight until 
the eighteenth century. Joseph-Michel and 
Jacques-Etienne Montgolfier were two 
brothers who lived in France. They in- 


flated paper balloons with hot air produced 
by straw fires and watched them rise in the 
air. Later they used globes made of silk 
and suspended cages from them. In these 
craft they sent chickens, ducks, and sheep 
aloft. Finally, on November 21, 1783, two 
young Frenchmen, Pilatre de Rozier and 
the Marquis d’Arlandes, rose in a 
Montgolfier balloon and made a free flight 
of 25 minutes over Paris. They were the 
first humans to fly. . 
The practice of inflating balloons with 
hot air was soon abandoned. People came 
to realize that the recently discovered gas 
hydrogen is much lighter than air. In 1783 a 
French physicist, J.- A.- C. Charles, filled a 
silk balloon with hydrogen and sent it aloft 
without passengers. Somewhat later he 
made several flights himself in a hydrogen- 
filled craft. More balloon flights followed. 
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wide-body commercial airplane fitted 


Modern avi: 
767 twin-j 
with a two-crewmember flight deck. 


Soon the big gas bags were being flown in 
many lands. They were all “free bal- 
loons”—they could not be steered but flew 


wherever the winds carried them. 
In 1897 the Swedish engineer Salomon 
August Andrée launched upon perhaps the 


Most daring lighter-than-air flight ever at- 
tempted. With two companions he took off 
in a balloon from Spitsbergen in an attempt 


to float across the North Pole. For years 
there was no further word of the three ad- 
venturers. At last, in 1930, the bodies of the 
explorers were found on White Island, 
together with much of their equipment, 
including some undeveloped negatives of 
Photographs taken by Andrée. The three 
unfortunates had been forced down on an 
ice floe and had managed to make their way 
to White Island, where they had perished of 
exposure and cold. 


THE COMING OF DIRIGIBLES 


„The disastrous result of the Andrée ex- 
Pedition clearly showed the haphazard na- 
ture of fiying in a free balloon. From the 
earliest days of lighter-than-air flight. men 


had sought to develop a dirigible—a bal- 
loon that could be fully controlled while in 
the air. Some of the early students of 
aeronautics thought that this could be done 
by means of sails, oars, and rudders, but 
such devices as these proved futile. 

In 1851, a Frenchman, Henri Giffard, 
fitted a big balloon with a steam engine that 
drove a propeller. Giffard’s dirigible really 
flew, attaining a height of 1,520 meters. It 
answered its controls quite well, but it was 
altogether too slow. On a windless day its 
top speed was only slightly above walking 
speed. The fact was that the engine was 
much too heavy, considering the slight 
amount of power it produced. 

It was not until lightweight gasoline 
engines were developed that really success- 
ful dirigibles were constructed. Alberto 
Santos-Dumont, a wealthy Brazilian living 
in Paris, built 14 dirigibles, powered by gas- 
oline engines, between the years 1898 and 
1908. With one of these airships he won a 
prize of $20,000 for rising in the air at a 
place a few kilometers away from the Eiffel 
Tower, circling the tower, and then return- 
ing to the starting point, all within half an 
hour. Santos-Dumont’s dirigibles were 
quite primitive. They consisted of sausage- 
shaped balloons under which light keels, 
carrying the engines and crew, were slung. 

In the meantime, Count Ferdinand von 
Zeppelin, a retired German army officer, 
had started to build rigid dirigibles. He con- 
structed a framework of aluminum for his 
airships and divided the interior of the craft 
into compartments, which were filled with 
small gas bags called ballonets (little bal- 
loons). Two cars, one for the engines and 
the other for the crew, were suspended 
from the framework. The Count’s dirigi- 
bles, called “zeppelins” after their inventor, 
proved to be quite successful. In the years 
before World War I, thousands of passen- 
gers were carried in them. 

Free balloons and dirigibles saw ser- 
vice in World War I (1914-1918). Nonrigid 
dirigibles were used for antisubmarine pa- 
trol in coastal waters. The English had 
given the name of “limp airships” to all 
such craft. The particular model used for 
coastal patrol in World War I was known as 


AVIATION 


101 


102 


Goodyear Aircraft 


The Graf Zeppelin, 237 meters long and 110,500 cubic meters in volume, was the 
Most successful of the giant dirigibles. It flew from 1928 to 1939. 


Type B-limp. This gave rise to the word 
“blimp,” which is still used for a nonrigid 
dirigible. 

After the war, the most important use 
of free balloons was in scientific research. 
The stratosphere—the upper air—was ex- 
plored by small, crewless, hydrogen-filled 
balloons. Each of these contained a radio- 
sonde—a collection of miniature scientific 
instruments. These automatically operated 
a tiny radio transmitter, which continuously 
sent reports to ground stations. When the 
atmospheric pressure at great heights be- 
came too low, the internal pressure of the 
hydrogen gas within the balloon caused itto 
break. The radiosonde then descended to 
earth by parachute. Radiosonde-carrying 
balloons are still widely used by weather- 
men in different parts of the world. 

On May 27, 1931, a Swiss physicist, 
Auguste Piccard, and an assistant made an 
€poch-making flight to the stratosphere, 
using a free balloon, from which a big metal 

all was suspended, The balloon was only 
Partially filled on the ground in order to 
allow for the expansion of the gas as it rose. 
Piccard and his assistant took their places 
in the metal ball, which was equipped with 
a great deal of Special apparatus. The 
balloon rose majestically to a height of 
15,781 meters, The occupants brought 
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back with them much valuable information 
about solar radiations and cosmic rays. 
Other flights to the stratosphere followed. 


THEIR LATER CAREER 


Rigid airships seemed destined to play 
an important part in aviation after World 
War I. A few of these craft had impressive 
records. In 1929 the German commercial 
airship Graf Zeppelin flew around the 
world in a little over 21 days. Later it was 
used in regular passenger service between 
Germany and South America. It crossed 
the Atlantic more than 125 times, carrying 
13,000 passengers in all. : 

On the whole, however, misfortune 
seemed to dog the big gas bags. There was a 
series of terrible disasters. One after an- 
other of these giants of the air caught fire in 
mid-air, or crashed to the ground, or fell 
into the sea. The last of these disasters hap- 
pened in 1937, when the German ship Hin- 
denburg burst into flame as she was nosing 
up to her mooring mast at Lakehurst, New 
Jersey, after a flight from Germany. She 
was destroyed, with a loss of 36 lives. 

The rigid airship was not the only type 
of dirigible used in this period. The semi- 
rigid type, supplied with a keel and a few 
ribs, also saw a certain amount of service. 
Nonrigids saw considerable service. 


Another development was the use of 
helium to inflate lighter-than-air craft. For 
years, al! 


free balloons and airships had 
i with hydrogen or with illumi- 
vhich contains a large propor- 


tion of hydrogen. Hydrogen is the lightest 
of all g but it catches fire easily. 
Therefore it is very dangerous. Helium is 
much m satisfactory for lighter-than-air 
craft. Though it is heavier than hydrogen, it 
is muc shter than air and cannot catch 
fire. This gas is found in the sun, in the at- 
mosph in very small quantities, and in 


natural gas derived from wells in Texas. In 
the 1920s a method was developed for ex- 


tracting helium at reasonable cost from 
these Texas wells. From that time, U.S. 
airships were inflated with helium instead 
of hydrogen 

Lighier-than-air craft are not in much 
use today, but they have not disappeared 


from the skies. Free balloons are still used 
for manned flights, but generally only in 
sporting competitions. Blimps are seen oc- 
casionally. As for unmanned balloons, they 
are used quite widely at the present time for 
scientific purposes. They are sent aloft 
regularly by weathermen to determine wind 
speed and direction. They also play a part 
in upper-air and space research. 


The Hindenburg disaster at Lakehurst, New Jersey, on 
May 6, 1937, killed 36 people. Apparently, atmo- 
spheric electricity ignited a hydrogen leak. 

U.S. Air Force 


HEAVIER-THAN-AIR FLIGHT 


Some of the earlist pioneers in heavi- 
er-than-air flight tried to imitate the flight 
of birds. In the thirteenth century an Eng- 
lish monk, Roger Bacon, proposed that 
men should use flapping wings, like those 
of birds, to achieve flight. Several cen- 
turies later the great Italian artist-scientist, 
Leonardo da Vinci, drew up plans for an 
ornithopter, or bird machine, following the 
suggestion of Bacon. The flapping wings of 
the craft were to be operated by hand. 
Leonardo never developed a successful or- 
nithopter, however. 

A nineteenth century English sci- 
entist and inventor, Sir George Cayley, 
tried a different approach, and as a result 
became the father of heavier-than-air 
flight. He had noticed that birds could 
remain aloft for long periods of time with- 
out moving their wings. He proceeded to 
fashion a number of gliders with wings 
shaped like those of birds. Men running 
against the wind launched the craft, which 
made a number of short flights. Cayley 
never succeeded in building a man-carry- 
ing glider. The first to do so was a French- 
man, Jean-Marie Le Bris, who made a 
short flight in 1855 in a glider that was 
built on the model of the wing structure of 
the graceful albatross. 

Later in the century, other enterpris- 
ing pioneers experimented with gliders. 
Foremost among them was Otto Lili- 
enthal, a German inventor. First he made 
a thoroughgoing study of the theory of 
heavier-than-air flight. Then in 1891 he 
constructed a curious kind of glider that 
outdid all its predecessors. It combined bat- 
like wings with a strap arrangement that 
permitted Lilienthal to hang from the 
center of the machine while it was in flight. 
He controlled it by swinging his legs and 
his trunk this way and that. Lilienthal was 
flying one of his “hang gliders” in 1896 
when he lost his balance, crashed to the 
ground, and was killed. 

His work was carried on by Percy S. 
Pilcher in England and Octave Chanute in 
the United States. Many improvements 
were made in the glider. Chanute devel- 
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Musée de l'Air, Paris 


Otto Lilienthal, a German engineer, flew his batwing 
glider many times in the 1890s, controlling his flight to 
some degree by swinging his legs. 


oped a machine with wings that could be 
twisted while in flight. He added a vertical 
tail that stabilized the glider and kept it fly- 
ing in a straight line. 


THE WRIGHT BROTHERS 


Orville and Wilbur Wright, two bicycle 
builders of Dayton, Ohio, began experi- 
menting with gliders at the turn of the cen- 
tury. They discarded many of the ideas of 
their predecessors, For one thing, the 
trailing or rear edges of the wings were 


Aviators were busy designing experimental planes in 
the early twentieth century. Below, Hubert Latham of 
Great Britain flies his monoplane Antoinette, 

Musée de l'Air, Paris 


made flexible and were worked ropes in 
order to control the lateral, or sid to-side, 
position. The gliders of the Wright brothers 
proved to be very successful one of 
them they made more than housand 
flights during September and Octo} 1902, 

The brothers now felt that the time was 
ripe for powered heavier-than-żir flight. 
The idea was by no means new. in 1842 
William S. Henson of Englan ad con- 
structed a full-scale monoplane, which was 
to be driven by a steam engine was a 
total failure. His partner, John Si 1gfellow, 
built a small-scale-model steam-driven 
plane, which he managed to get aloft in 
1848. However, these early experiments 
could go no further, because the steam 
engines of those days were much too heavy 
to be used in planes. 

When the Wrights began to work on a 
powered airplane, the gasoline engine had 
already been developed. But the brothers 
found that no existing motor was light 
enough for their flimsy craft and at the same 


time powerful enough to propel it through 
the air. They decided, therefore, to develop 
an engine of their own. 

On December 17, 1903, the Wrights 
were ready for their own attempt at pow- 
ered flight. It took place on the beach near 
Kitty Hawk, North Carolina. A single rail 
was laid upon an incline at the beach. A 
truck was put in place upon the rail at the 
top of the incline. Then the plane, which 
was provided with skids, was balanced on 
the truck. Orville Wright got into the 
machine and lay prone on the lower wing. 
The motor was started and warmed up 
while assistants held the plane in position. 
The signal was given, and the craft was 
released. The truck slid down the rail. The 
plane rose into the air, leaving the truck 
behind. It flew for a distance of 36.6 
meters, remaining aloft for 12 seconds, and 
then landed on its skids. 

The plane in which the Wrights had 
achieved flight was a biplane (two-winged 
Plane). Its wings were made of fabric and 
were held together by struts and wires. The 
engine was set on the lower wing, to the 
right of the pilot. The propellers were at the 
back of the plane and pushed it along. 


THE AGE OF FLIGHT BEGINS 


It was not until the Wright brothers 
had made a number of flights in England 
that the public at large began to show genu- 
ine inte in heavier-than-air flying ma- 


chines. er pioneers developed planes of 
their own. Some of these were biplanes. 
Others re triplanes, with three wings. 
Still others were monoplanes, with but a 
single v One of the most successful of 
these ea:!y flying machines was a mono- 
plane built by Louis Blériot, a Frenchman. 
In this ‘rail craft he crossed the English 
channe! 1909 in 37 minutes—a remark- 
able feat for that time. 


When World War I broke out in 1914, 


airplanes were still a novelty. A few mili- 
tary services had employed tham for scout- 
ing purposes. They had carried mail in the 


United States and in England, but no regu- 


lar mail service had been established. 

The airplane really came of age in the 
course of the war. Shortly after the end of 
the war, two great flights showed how much 
had been accomplished. In May 1919, the 


United States flying boat NC-4 flew from 
New York to Plymouth, England, by way 
of the Azores and Lisbon, Portugal. A 
month later, two Englishmen, Captain John 
Alcock and Lieutenant Arthur Brown, 
made the first nonstop flight across the 
Atlantic, flying from Newfoundland to 
Ireland. 

Governments sold their surplus war 
Planes at low prices. Many former war 
pilots bought these planes. They used them 
for “barnstorming” and also to take passen- 
gers on short flights. Air-transportation 
companies scheduled passenger flights. 
Regular airmail service was established. 
Airplane engines were improved. Metal 
and other materials began to replace the 
wood and fabric of the older planes. 

_ On May 20, 1927, Charles Augustus 
Lindbergh, a young U.S. aviator, took off 
from Roosevelt Field, near New York 
City. After 33 hours and 30 minutes of a 
thrill-packed flight through fog and sleet 
Over the Atlantic, he landed at Le Bourget 
Airport, near Paris, France—the first non- 
Stop solo flight between the two cities. 


Musee de l'Air, Paris 


After their first successful flight in 1903, the Wright 
brothers demonstrated their plane at many loca- 
tions—as here, near Pau, France, in 1908. 


The airplane industry continued to 
forge ahead in the 1930s and 1940s, The 
airplane became a major factor in the 
world’s transportation systems. Freight 
planes opened up to commercial enterprise 
new areas in the Far East, in Canada, in 
South America. The military services of the 
world built up powerful air fleets over this 


period of time. 
THE JET PLANE ARRIVES 


Jet planes made their appearance 
toward the end of World War II. These 
were propellerless craft, which derived 
their motive force from gases expelled from 
the rear of the plane. After the war, jet 
planes were greatly improved. Their flight 
range and speed were increased and they 
were made more maneuverable. Jet trans- 
port planes were developed, Work was 
sped on giant rockets that were sent hur- 
tling into the upper air and finally into outer 
space and to other planets. Unmanned ar- 
tificial satellites and manned capsules were 
sent up by rockets. 

Today vast numbers of air transports, 
air freighters, and private planes make their 
way through the skies. For a discussion of 
other advances in aviation, see the articles 
“Jet Propulsion” and “Supersonic Flight” 
in The New Book of Popular Science. 
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U.S. Information Service 


The Spirit of St. Louis is wheeled into Place at an air- 
port. Charles Lindbergh won world famein this plane 
in 1927 when he crossed the Atlantic. 


SPECIAL TYPES OF PLANES 


The typical plane is land-based and 
uses a runway for takeoff and landing. It 
has comparatively large wings and a tail as- 
sembly. It is powered either by gasoline 
engines connected to propellers or by jet 
engines. Not all planes, by any means, are 
like this “typical” plane we have just 
described. There are a number of special 
types, which we shall briefly consider here. 


SEAGOING PLANES 


There are several types of seagoing 
planes. In the seaplane, landing wheels are 
replaced by floats, which support the craft 
in the water when it is attached to its 
moorings, or when it moves slowly. When 
it proceeds at greater speed through the 
water, water is deflected from the upper 
surfaces of the floats, and lift is provided. 
The floats cannot be retracted into the 
fuselage of the plane, and they produce a 


instead of floats. The flying boat has wing- 
tip floats. The hull itself, however, is pro- 
vided with neither floats nor skis, but itself 
floats in the water. The amphibian is a ver- 
Satile plane, with a flying-boat hull and 
landing gear, It can take off and land on 
either land or water. 


GLIDERS 


Gliders still maintain a place, though a 
modest one, in aviation. The glider has 
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much the same arrangement of \ ngs, tail, 
body, and controls as the conventional pro- 
pellered plane. However, the m and the 
propeller and the equipment thai goes with 
them are missing. Gliders are ge nerally 
launched by automobiles owered 
planes. Sometimes they are tapulted 
upward into the air. 

Undoubtedly, the most ctacular 
kind of glider is the sailplane, « soaring 
glider. It is so light and has such low drag 
that it can ride thermals, or asi ng cur- 
rents of air. By taking advant of such 
currents, skillful sailplane pil n per- 
form almost incredible feats planes 
have soared to over 14,000 met n alti- 
tude and have covered distan of more 
than 900 kilometers. 

HELICOPTERS 
The helicopter is driven by | opeller- 


like rotary wings that whirl above the fuse- 
lage. The first successful rotary z plane 
was the Autogiro, invented by the Spaniard 


Juan de la Cierva and first flown success- 
fully in the summer of 1923. This craft was 
provided with an ordinary propeller as well 
as with a rotor. At the takeoff, the rotary 
wings were rotated by means of a special 
connection with the engine. Once the auto- 
giro was in flight, the rotor was discon- 
nected from the engine. The blades 
continued to turn, however, because of the 
air moving past them. The autogiro had no 
wings. The pilot controlled it in flight by the 
use of standard tail surfaces and by tipping 
the rotor. 

The autogiro has been supplanted by 
the helicopter, which has done away en- 
tirely with the propeller and tail assembly. 
Many pioneers in the field of aeronautics 
worked to develop this revolutionary type of 
plane. Foremost among them were the Ger- 
man Heinrich Focke, the Frenchman 
Louis-Charles Bréguet, and the Russian- 
born American Igor I. Sikorsky. 

The rotary blades of the helicopter are 
turned continuously by the engine. The 
rotor is not connected to the motor when 
the engine is being warmed. For the take- 
off, the pilot throws in a clutch, engaging a 
gear. The rotor then begins to turn. 


The moc 
and cove iundreds of kilometers. 

The helicopter is controlled by chang- 
ing the h of the blades. In what is called 
cyclic pi the angle of individual blades 
is changed. If the pitch of a blade on one 
side is increased while the pitch of the op- 
posite blade is decreased, the machine will 
fly in th ection of the first blade. In col- 
lective pitch, the angle of all the blades is 
changed in the same way at the same time. 
If the pitch is increased, the helicopter will 
rise; if decreased, it will descend. 


A blem that all helicopters face is 


the tendency of the fuselage of the craft to 
rotate he direction opposite to that of 
the rotor blades. This tendency is called 
“torque.” The most common method of 
correcting torque is to mount a small 
engine-driven rotor, turning on a horizontal 
axis, on the tail. This rotor—the contraro- 
tating rotor—causes the fuselage to move 


in the direction opposite to that produced 
by torque. Some helicopters have more 
than one contrarotating rotor. 

The helicopter is much slower than a 
Propellered craft or jet craft of the same 
horsepower. Its great advantage lies in its 
maneuverability. 


VTOL AIRCRAFT 


The term VTOL stands for “vertical 
take-off and landing.” It is generally ap- 
Plied to heavier-than-air craft which, like 
helicopters, can rise and land more or less 
Vertically but which generally have speed 


The versatile helicopter is a form of VTOL (Vertical 
Take-Off and Landing) aircraft. It finds frequent use in 
large cities for the monitoring of traffic and as an aid 
in police surveillance. 


Schweitzer Aircraft Corp. 


ilplane is capable of extended flight, soaring to very high altitudes 


and range comparable to those of a con- 
ventional aircraft. There are a number of 
VTOL designs. 

In the dual propulsion system, the 
aircraft has a rotor, like that of a helicopter, 
for taking off, hovering, and landing; it also 
has propellers for horizontal flight. In 
another system, there are no propellers. 
The rotors may be tilted so as to provide 
vertical thrust for take-off and horizontal 
thrust for horizontal flight. 

In certain cases, rotors are discarded 
entirely. In the tilt-wing type, the fuselage 
and tail assembly remain horizontal at take- 
off or while landing. The propellers and 
wings, however, can be tilted. They move 
together in changing from take-off to hori- 
zontal flight and then to landing. 


Hughes Helicopter Division, Summa 
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A helicopter maintains steady flight by continuously changing the angle at which its 
rotor blades meet the air Left, the advancing blade is set at a small angle of attack 
while the receding blade is at a larger one. The drawing at right shows in detail the 


mechanism by which this is achieved 


The ducted-fan airplane employs so- 
called fan ducts. A fan duct is a fan, or 
Propeller, surrounded by a ring, or band, 
The two fan ducts, one at the tip of each 
wing, can be tilted so that the fans rotate on 
4 vertical axis. This Provides vertical flight, 
For horizontal flight, the ducts are tilted so 
that the fans turn on a horizontal axis. In 
another model, known as the flying jeep, 
the two ducted fans are not movable but are 
mounted rigidly, so as to turn on a vertical 
axis. The craft is tilted slightly to provide 
forward flight. The flying platform is a 
simplified version of the flying jeep. There 
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is but one duct. The pilot stan a plat- 
form mounted atop the duct ; asps a 
semicircular railing. 

The principle of thrust tion is 
applied in some models. In pellered 
planes, large wing flaps can turned 


downward. The Slipstream fo two 


Propellers, set at the leading ed of the 
Wings, is bent downward, thus viding 
vertical thrust. In the case of jet ift, the 
gases streaming from the jet nozzle are 
deflected downward to give vertical thrust. 
In some jets, the entire engine is tilted to 
Provide vertical thrust at take-off 

Enen l Rapho/PR 


T} g force, in some of the models 


descrit ve, is not sufficient to provide 
vertic off; yet it is strong enough to 
get the in the air very quickly. Such 
plane known as STOL aircraft, the 
STOI ing for "short takeoff and land- 
ing 

LYING AN AIRLINER 

board a big airliner as it 
prep: ike off on a regularly sched- 
uled om one airport to another, 
The t has already been checked by 
mech It has taken on gas and oil. Full 
inforr has been obtained about 
weatl ditions along the proposed 
route ilot has filed a flight plan with 
the a ithorities. This plan includes 
the di ind altitude of flight. 

I now makes contact by radio 
with trol tower of the airport and 
gets tH ct time, the speed and direction 
of the and special instructions con- 


cernir Mc at the airport. The pilot is 


told w xi strip to use in taxiing over to 
the tal position. At last the signal is 
given the big plane rises from the 
groun en it is well under way it retracts 
its land ear. It remains in radio contact 
with ti ntrol tower for some time, Then 
Left, sma ommercial air 
craft are ised routinely 
to pro ommuter ser- 


vice in many areas. Right 
this single-engine airplane 
equipped for high-altitude 
and bad-weather flying typi- 
fies a trend toward heavier 


more versatile business air- 
Cratt 


another control station along the route 
takes over 


HIGHWAYS IN THE SKY 


The plane is now headed for its desti 
nation. The airway is almost as well defined 
as the highways along which automobiles 
make their way. It has a definite height and 
width, and the pilot has to stay in it 
Airplanes must obey traffic rules while in 
the sky. These rules vary from one country 
to another 

The navigator follows the course of the 
plane on maps or charts. The pilot keeps 
the ship on the course in any sort of 
weather by following the signals sent out by 
radio transmitters of an omnirange system 
or, in the largest aircraft, by presetting the 
course into a sophisticated computer-con 
trolled autopilot 

The high-frequency omnirange system 
is appropriately named, The omnirange sta 
tion transmits radio beams in all directions 
The airplane receives the signals on a spe 
cial receiver that enables the pilot to deter 
mine direction and distance with respect to 
the station sending the signals. Omnirange 
is equally useful for navigation on airways 
or off airways, Since it operates on very 
high-frequency bands the signal is virtually 
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The Airbus A-300 is an airliner developed under the 
joint sponsorship of the French, German, Dutch, and 
Spanish governments. The airplane is powered by 
two turbofan engines, and it canaccommodate upto 
300 passengers in its wide fuselage. 


free from any type of static interference. 
Thus, the pilot can receive omnirange sig- 
nals at all times, even in the midst of a thun- 
derstorm. 

The most modern commercial airliners 
are directed by an inertial navigation sys- 
tem that depends ona gyroscope, speed de- 
tector, and computer (as well as backup 
computers) to determine the airplane’s lo- 
cation at any time. It is more or less inde- 
pendent of all outside references. Using a 
small keyboard or programmed destination 
cards, the flight crew programs the sys- 
tem’s computer with the latitude and longi- 
tude of the departure point and of each 
checkpoint in the flight plan. The plane’s 
automatic pilot follows the plan, making all 
the corrections that are necessary. The 
crew is required to check coordinates at 
prescribed intervals, and may remove the 
aircraft from computer control at any time 
to avoid bad weather or to otherwise adjust 
for outside conditions. 


LANDING THE PLANE 


The pilot now approaches the airport. 
At night a revolving beacon sends its rays 
circling through the darkness. The pilot 
calls the airport’s control tower by radio, 
reports the number and model of the plane, 
the airline to which it belongs, its position, 
altitude, and airspeed, and asks the air- 
traffic controllers for landing instructions. 

If the air traffic at the airport is heavy, 
the pilot is told to circle in a designated area 
at a definite altitude and airspeed. Planes 
flying at different altitudes, Waiting for a 
chance to land, are said to be “stacked.” 
Newly arrived craft go to the top of the 
stack. 

If visibility is good during the daytime, 
landing is a comparatively simple matter, 
once clearance has been given. At night, 
too, under favorable conditions, the pilot 
has little difficulty in bringing the plane to 
the ground. The edges of runways are illu- 
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minated by small lights sunk flush with the 
runway. Red warning lights or red patterns 
of light are used on all obstructions in the 
Vicinity. A line of lights across the runway 
shows where it comes to an end. 


AIR-TRAFFIC CONTROL 


A plane without radio equipment is 
hot permitted to use a radio-controlled air- 
Port, except in an acute emergency. But 
even at smaller airports without radio facili- 
ties, pilots cannot take off and land at will. 
Operators may provide certain instructions 
to arriving or departing planes by means of 
green and red signal lights. These lights are 
flashed from a device called a ‘‘biscuit 
gun.” It is held in the hand by means of a 
Pistol grip and is operated by a trigger. At 
the takeoff a red light is a signal to halt. The 
green light gives clearance to the pilot. A 
red light warns incoming planes to continue 
Circling the field. A green light means that 
the plane can land. 


Sometimes the control tower reports to 
the incoming pilot that visibility is poor at 
the a if the plane is not equipped to 
make lings under such conditions, it 
procee another airport. 

N lays many planes make landings 


safely n the landing field is invisible 
becaus fog. If an airport is equipped 
with an trument Landing System (ILS), 
the pilot can bring a plane in without look- 
ing out the cockpit. A transmitting sta- 
tion a ar end of the runway sends out 
a pair í rizontal beams, like those sent 
out by ) range. Both beams are on the 
same | frequency and can be received 
in the raft by a single radio receiver. 
The pilot keeps the plane between the two 
beams is said to be on the localizer 
course econd transmitter sends out an- 
other pair of beams, one above the other. 
The p eeps within the second set of 
beams is said to be ‘‘on the glide 
path. eries of ‘fan marker” transmit- 
ters, so called because each one sends a 
fan-shaped beam straight up in the air, 
mark the end of the landing field. A plane 
passing these and still squarely on the lo- 
calizer and glide path will land in 
about four seconds. Generally, however, 


Airplanes are in much use 
as freighters all around the 
world, sometimes taking 
goods to airports thatdonot 
have equipment for loading 
or Unloading. The loading 
device at right is carried 
aboard the plane, and can 
be assembled and disas- 
sembled quickly. 


pilots are required to seek an alternate air- 
port if they cannot see the runway after ar- 
riving at a designated minimum descent 
altitude. 


GROUND CONTROL APPROACH 


Another very effective type of landing 
system is Ground Control Approach, or 
GCA. Two radar sets are operated at the 
landing area. The screen of one set shows 
a picture such as the operator would see 
from high in the air over the runway and 
looking down toward the ground. The pic- 
ture shown on the other screen shows what 
the operator would see from on the ground, 
far off to one side of the runway and look- 
ing toward it. The operator can also see the 
incoming plane on both screens. The oper- 
ator talks with the pilot of the plane by 
radio and tells the pilot how to shift course, 
if necessary, in order to keep headed for 
the runway and to remain in the proper 
glide path. The operator also informs the 
pilot how far the plane is from touchdown. 


PARTS OF A TYPICAL AIRLINER 


To have some idea of the amazing ad- 
vances that have been made in the field of 
aviation since the Wright brothers first flew 


Lufthansa Airlines 
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Radio and radar devices aid airplanes in landing at modern airports. Instruments 
on the plane electronically indicate the correct path of descent. Diagram at top 
shows the way in which the planes “stack” to await landing. 


their ‘‘crate’’ of fabric and wood and wire, 
let us see what we would find in a typical 
airliner. 


THE FUSELAGE 


First of all, there is the fuselage, or 
body, which carries the weight of the crew, 
passengers, and cargo as well as the galley, 
the ventilating apparatus, and the radio 
equipment. The fuselage must also support 
the weight of the wings and, consequently, 
the weight of the structures supported by or 
Suspended from the wings—the engines, 
fuel tanks, and landing gear. Some air- 
planes also carry fuel tanks in the fuselage. 

The principle of construction of the 
fuselage is that of a hollow column or cylin- 
der. In small planes the fuselage may be all 
In one piece. It is usually constructed of 
metal. In big planes it is generally made up 
of sheets of aluminum alloy, riveted into 
sections and reinforced by hoops of steel 


and by stiffeners, Tunning parallel to the 
length. 
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Airliners destined for high-altitude 
flight are provided with pressurized cabins. 
In these the air pressure found at 2,400 me- 
ters is maintained, when the plane rises 
above that altitude, by means of an air com- 
pressor—the cabin supercharger. Pressur- 
ized cabins are of two kinds. In one type 
the cabin is an independent unit inside the 
fuselage. In the other type the walls of the 
fuselage serve as the outer walls of the su- 
percharged cabin. 

The windows in the fuselage are made 
of an acrylic plastic called Lucite or Plex- 
iglas. Pilot windshields, or windscreens, aS 
they are sometimes called, are of very 
heavy shatterproof glass in order to protect 
against birds crashing into them. 

In one type of arrangement, the galley 
is behind the passenger quarters. The lava- 
tory is aft of, or behind, the galley. Ahead of 
the passenger quarters are the baggage 
compartments. Baggage and cargo are also 
carried in the space below the passenger 
floor in some planes. The pilot and copilot 
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sit near the nose of the plane, and the flight 
enginee one is required, sits behind 
them and to one side. 

The wings are reinforced in much the 
same way as the fuselage. They usually 
carry ngines, the fuel tanks, and, 
often, the main landing gear. 

POWER STEMS 

Hydraulic pressure is used to operate 
a num f devices on an airliner. Among 
other t , it serves to lower and raise the 
landing r and to work the brakes. If the 
main | ulic system fails, controls are 
genere worked by hydraulic power pro- 
vided by auxiliary devices. 


Eve iirliner has an elaborate elec- 


trical system. It is equipped with from two 
to four engine-driven generators and the 
same number of storage batteries. To save 
the batteries, the engines are started by an 
outside irce of current, plugged into the 
airliner at the airport. 

In ‘he average big airliner, several 


| devices are electrically operated. 
e the radio equipment and the 
nding, and navigation lights use 
electric current. Electric motors run the 
fuel pumps, change the pitch of the propel- 


lers, and work the pumps that spray de-icer 
fluid on the windshield. Many of the engine 
and flight instruments that are found aboard 
an airplane are operated by electricity. 

The fuel is stored in rubber self-sealing 
cells or in aluminum tanks. Each engine 
generally uses an independent oil system. 


INSTRUMENTS 


On every large airliner there are a 
great many instruments that provide infor- 
mation about the flight of the plane. They 
are grouped on the panel in front of the pilot 
and copilot. 

The airspeed indicator shows the 
speed of the plane in flight. In the mechan- 
ical type, air is admitted to the pitot tube, a 
metal spike on the airplane wing. The more 
rapidly the plane moves, the more air 
rushes into the tube. The changes in air 
pressure cause a metal disk to move up and 
down. The disk movement affects the indi- 
cator of the airspeed dial on the instrument 
panel. The rate at which the plane is rising 
or descending is indicated by the rate-of- 
climb indicator, or variometer. 

The altimeter is an aneroid barometer, 
which records the plane’s altitude above 
sea level. Like all barometers, the altimeter 


Training to be a pilot of a giant airliner is along and exacting process. Many prac- 
tice flights are made in simulators such as the one at the right, which carries all the 
instruments of a real cockpit. Scale models such as the one at left, of an airport, 


Provide visuals for the simulated flights. 
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is affected by atmospheric press which 


lessens as the altitude increase hanges 
in pressure are registered on a d 

The terrain-clearance al er in- 
dicates the distance of the plan m any 
obstruction on the earth’s surfac his in- 
strument sends a shortwave rad nal to- 
ward the ground. The signal is reflected 
back from the earth and is rec d. The 
time required for the round trip < signal 
varies according to the distar of the 
plane from the surface of the e As in 
the case of the barometric altim varia- 
tions are registered in terms of d e lim- 
its. The instrument quickly tel n the 
pilot must climb higher in order void a 
mountain peak or similar obst in the 
path of the plane. 

The bank-and-turn indicator vs the 
airplane’s angle of bank. The gy ificial 
horizon shows the pilot the attit of the 
plane in the air. It indicates whether the 
nose of the plane is low or hig d also 
whether or not the plane is banking. Air- 
liners are generally provided with an auto- 
matic pilot, operated by gyrosco; Once 


the automatic pilot is set, it keeps the plane 
on its course. 

Several kinds of compasses are used in 
an airliner. First of all, there is the conven- 
tional magnetic compass. The gyro- 
compass, or directional gyro, has a gyro- 
scope instead of a magnet. If an airplane 
turns, the gyroscope remains in its former 
position, while the indicator line of the dial 
turns with the airplane. The radio compass 
has a needle that moves in response to 
radio waves sent out by radio-range sta- 
tions. The Gyro Flux Gate compass picks 
up the electric currents that surround the 
earth. By means of an amplifier, it makes 
these currents Strong enough to move a 
compass needle. 

Most commercial aircraft and many 
private airplanes have weather radars. 
Some of these have navigational use. 


After construction, these airplanes are readied for 
delivery to the various airline companies around 
the world that have purchased them. 


flight is controlled by movable surfaces on 
tail assembly, shown at top. Below: 
about the vertical axis, or yawing, is 
3 by rudder on tail. Movement about the 
nal axis, or rolling, is controlled by aile- 


rons on wings. Movement about the lateral axis, or 
pitching. is controlled by tail elevators. 

There are other flight instruments be- 
sides those that we have just mentioned. 


There are also a number of instruments that 
continuously record the performance of the 
engines. They indicate fuel and oil pres- 
sure, (he temperature of the engine and ex- 
haust gases, the rate of rotation, and the 
amount of fuel in the tanks. 

WHAT MAKES A PLANE FLY? 

It seems quite wonderful for a big 
plane hing many metric tons to make 
its way through what appears to be a void. 
Actu: the plane must make its way 


through the ocean of air just as truly as a 
steamer must make its way through the 
ocean of water. 


A BALANCE OF FORCES 


As the plane flies, the force of gravity 
is trying to pull it earthward. To offset this 
force, the plane uses an effective counter- 
force, called lift. This is brought about by 
the ingenious design of the wing. If you ex- 
amine the cross section of an airplane wing, 
you will note that the upper surface is cam- 
bered, or curved, and that the leading, or 
front, edge is thicker than the trailing, or 
Tear, edge. 

When the wing is tilted at a certain 
angle, called the angle of attack, and moves 
rapidly, the air is deflected upward over the 
cambered upper surface of the wing. The 
speed of the airflow is increased and the 
pressure is decreased, in accordance with a 
law of physics called Bernoulli’s Principle. 
At the same time, the wing pushes down- 
ward on the air beneath it, and the mole- 
cules of air, forming an elastic mass, push 
back. The pressure on the upper side of the 
wing is now less than the pressure on the 
bottom. The wing, therefore, is lifted up. 

To produce lift in this way, the wing 
Must be moving rapidly through the air. 


BAIL MANEUVERS IVUUUNInRVGE 
AN AIRPLANE 


Aileron 


Control stick 


Various ways of using the control column 
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This is brought about through the applica- 
tion of power produced by the plane’s 
engine or engines. 

As the plane moves through the air, the 
force called drag tends to resist its forward 
motion and to make it more subject to the 
force of gravity, which tends to pull it 
down. The principal cause of drag is the 
fact that the plane has a large amount of 
frontal area that must be pushed against the 
air. This is called parasite drag, because it is 
produced by surfaces that do not contribute 
to lift. To help offset parasite drag, the 
airplane designer uses streamlining, thus 
reducing the frontal area. To aid in proper 
streamlining, the wheels of large planes are 
folded up after the plane has taken off and is 
in the air. 

Another kind of drag is skin fric- 
tion—that is, the friction of the air mole- 
cules against the skin, or outer surface of 
the airplane. We can reduce skin friction by 
various technical means. 


THE CONTROL SURFACES 


In order to make a plane maneuvera- 
ble in flight, or in taking off or in landing, 
‘the pilot must change its position or “atti- 
tude” by means of the control sur- 
faces—ailerons, landing flaps, elevators, 
and rudders. The ailerons are moveable 
surfaces at the trailing edges of the wings. 
The landing flaps either are hinged to the 
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fixed section of the wings or are s anged 
that they can move rearward along a track. 
Both elevators and rudders form į of the 
tail assembly, which contains fixed and 
movable elements. The fixed elements of 
the assembly are the horizontal stabilizer 
and the vertical fin. The elevator is hinged 
to the rear of the stabilizer; the rudder, to 


the rear of the fin. 


Manos—Magoum Photos 


Some of today's small exec- 
utive aircraft r also 
mounted with jet engines. 
This twin-turbofan plane can 
cruise at about 640 kilome- 
ters an hour, and it seats five 
passengers. 


Hetier 


Left: a sn biplane turns upside down in the 
course of an acrobatic maneuver. Stunt flying is a 
popular feature of air shows. Above: because of 
their ability to land on water, these small planes 
provide slar air service to regions in Alaska that 
are otherwise hard to reach. 

The pilot moves the rudder by means 
of ped In some small planes the pilot 
works elevator and ailerons by manipulat- 
ing a joystick—a lever that rises directly in 
front of the pilot’s seat. It was originally 
called the Joyce stick, after its inventor. In 


most planes today, the joystick is replaced 
by a steering column provided with a 
wheel. Hydraulic devices, electric motors, 
or various mechanical ‘‘boosters”’ help the 
pilot move the bulky control surfaces. 

The elevators are the controls that 
cause the plane to climb and descend. 
When the pilot pulls the stick or the con- 
trol column back, the hinged elevators 
swing upward. The airflow hits the raised 
elevators. It forces the tail down and the 
nose upward, and the airplane begins to 
climb. When the stick or control column is 
pushed forward, the hinged elevators swing 
down. The airflow hits the lowered sur- 
faces, forces the tail up, and puts the plane 
in a descending attitude. 

__ To change the longitudinal, or side-to- 
side, attitude of the airplane, the ailerons at 
the trailing-edge of the wing tips are used. 
The ailerons are worked by pushing the 
stick or turning the control wheel to the 
tight or to the left. When this is done, the 
lift on one wing is increased, while that on 
the other is lessened. One wing, conse- 


quently, is raised, and the other is dropped. 
The plane is then in the position known as 
a “‘bank.”’ A continued bank will make the 
plane turn. 

To make a turn, the pilot uses the rud- 
der as well as the ailerons. The rudder, as 
we have seen, forms part of the vertical tail 
surface. It turns toward the right when the 
right rudder pedal is pressed, and to the left 
when the left pedal is pressed. 

The landing flaps are used for taking 
off and landing. When they are in the down 
or part-way-down position or are extended 
beyond the wing, they increase the lift on 
the wing. This permits the plane to remain 
in the air even when speed has been 
reduced considerably in order to provide 
for a safe landing. In takeoff, the added lift 
provided by the flaps helps the plane to 
become airborne. After the plane is in 
flight, the flaps are drawn up or pulled in. 


POWER PLANTS 


Until the mid-1950’s, the power plants 
of practically all planes consisted of one or 
more internal-combustion gasoline engines, 
each driving a propeller. Today many air- 
craft, particularly large craft, have an en- 
tirely different type of power plant—the jet 
engine. (See the article ‘Jet Propulsion” in 
The New Book of Popular Science.) How- 
ever, gasoline engines driving propellers 
still play an important part in aviation. 
They are found in almost all small aircraft 
and some larger planes. 

The typical internal-combustion gaso- 
line engine for airplanes operates because 
of the explosions of fuel in its cylinders. 
These explosions cause pistons to move 
back and forth within the cylinders. The re- 
ciprocal (to and fro) motion of the pistons is 
changed to rotary motion as it is transmit- 
ted through connecting rods to a crank- 
shaft. The crankshaft, in turn, is hooked up 
to the propeller that drives the plane. 

The number of engines in a plane 
ranges from one to six. Planes with as many 
as twelve engines have taken the air, but 
these have been experimental models. The 
engine of a light plane is set in the nose of 
the craft. Multiple motors are mounted on 
the wings or in pods on the fuselage. 
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Engines of more than 300 metric 
horsepower are generally provided with 
superchargers, The supercharger, operated 
by the engine, compresses the air that is 
drawn in from outside the plane and that is 
combined with gasoline vapor to form an 
explosive mixture. The supercharger pro- 
vides more power for take-offs. It also 
makes engine performance more efficient 
at high altitudes by compressing the rar- 
efied air that is found at heights high above 
the earth’s surface. 

The power generated in the gasoline 
engine, or engines, is applied through one 
or more propellers. Some planes are pro- 
vided with pusher propellers. The pro- 
pellers, directed toward the rear of the 
plane, push against the air, and the plane is 
driven ahead by this pushing effect. Gener- 
ally, however, the propellers are of the 
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Boei 
The Boeing 747 is one of the giants 


Corp. 


ərcial 
aviation. It can seat nearly 400 people other 
models are used to carry freight. Left, an i view 
of the plane while in flight, with a moti re in 
progress. 
“pull” type. Each propeller is reall rew. 
It cuts its way through the air r iS a 
wood screw cuts through wood, ar pulls 
the plane along. 

The blade of a propeller is irfoil, 
with the cambered surface in fror The 
blades of low-powered planes ar lami- 
nated wood, while those of larger and more 
powerful planes are usually made of alloys 
of aluminum or magnesium. 

The pitch of propeller blad the 


angle at which they are set—has an 
tant bearing upon flight. When we 
plane has a low pitch, or a flat an 
mean that it is approximately at righ 
to the propeller shaft. In this positi 
takes a more powerful “bite” of the air than 
in any other. The higher the pitch of the 
blade—the more it veers from the perpen- 
dicular position—the farther the blade can 
screw the plane forward with each revolu- 
tion, but the less powerful its bite is. Hence 
a low pitch is preferable at take-offs, when 
most power is required. After the plane 
gains momentum in the air, it is not neces- 
sary for the bites to be so powerful, and soa 
higher pitch is preferable during ordinary 
flight through the air. 

In some planes, the propeller can be 
full-feathered. That is, the pitch can be 
changed so that only the edges of the blades 
are turned toward the wind. This arrange- 
ment is particularly desirable when the 
plane is gliding with its motor shut off, since 
a propeller has least drag when it is full- 
feathered. 
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JET PROPULSION 


by James J. Haggerty, Jr. 


st 27, 1939, the first flight of a 
airplane took place, and a new 
tory of aviation was ushered 


en an era of exciting progress. 


ed by jet engines are not sub- 
»wer limitations imposed on 
) planes. As a result, they have 


eds and altitudes that even the 


y scientist would hardly have 
viously. 

ciple of jet propulsion is quite 
t-propelled craft are operated, 


n part, by jets of hot gases spurt- 


»e—the jet nozzle—at the rear 
he thrust of gases out of the 
oduces an equal thrust against 


rt of the engine. This is an ex- 


vton’s third law of motion: that 


tion, there is an equal and op- 
ion. It is this “equal and op- 


yn” that accounts for the recoil 


t has just been fired. In the case 


of the jet plane, as hot gases spurt out the 
jet nozzle, there is a‘recoil’—a push 
against the front part of the engine. Since 
there is no thrust against the rear part of the 
engine, which is open to the outer air, the 
forward push propels the plane. 


THE FIRST JET AIRCRAFT 


Practical work on jet propulsion ap- 
plied to aircraft started long before 1939. 
The first to explore the field was A. A. Grif- 
fith, whose name has been all but forgotten. 
Griffith, a scientist with the British Royal 
Aircraft Establishment, conceived the idea 
of employing a gas turbine engine to propel 
an airplane. The turbine was to drive a 
propeller. He conducted some preliminary 
tests in the late 1920s. 

In the meantime a young flyer of the 
Royal Air Force, Frank Whittle, had also 
been studying the application of the gas tur- 
bine to aircraft propulsion. His ideas dif- 


> large airliners of the world today are powered by jet engines. This 


suglas DC-10, Series 30, has three turbofan engines, the turbofan 
turbojet in which fans provide added thrust 
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Above, the McDonnell Douglas DC-9 
Series 40, has two rear-mounted turbofan 
engines and cruises at about 900 kilome- 
ters an hour. It can seat a maximum of 125 
Passengers. Right, the Soviet Union's Tu- 
Polev-154 has three turbofan engines 
mounted at the rear, seats up to 167 people, 


and usually cruises at about 850 to 900 kilo- 
meters an hour. 


fered from Griffith’s in one very important 
Tespect: he proposed to eliminate the pro- 
peller. The plane would be driven entirely 
by the engine exhaust. The Air Ministry 
felt that Whittle’s Proposed engine had no 
military application, Therefore it refused to 
finance the Construction of an experimental 
engine. For several years, Whittle was un- 
able to go forward with his Project. In 1935, 
however, he obtained financial backing and 
in the following year he founded Power 
Jets, Ltd., a company devoted to jet re- 
search, 

Power Jets, Ltd., constructed a proto- 
type engine that was bench-tested in the 
spring of 1937, By current standards it was 
not much of an engine, and it fell consider- 
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ably short of Whittle’s expectations, but it 
Proved that jet propulsion could work. The 
company built a second and then a third 
engine. By the middle of 1939 the Air 
Ministry had changed its mind concerning 
jet propulsion. It decided to sponsor the 
construction of an engine designed for actu- 
al flight. At the same time it contracted for a 
new airplane in which the revolutionary 
engine could be used. The Gloster Aircraft 
Company received the contract for the con- 
struction of an airframe, which was to be 
Powered by the first Whittle engine de- 
signed expressly for flight—the W-1. In 
May 1941, the airframe-engine combina- 
tion was successfully flown for the first 
time. The engine provided a meager 385 


kilograms of thrust—the term used in the 
measurement of jet power. 

Although Whittle is commonly held to 
be the father of jet propulsion, his jet engine 
was nol the first to power an airplane in 
flight. In Germany, Hans von Ohain had 
been working on the jet principle since 
1935, independently of Whittle and ap- 
parently unaware of Whittle’s research. By 
1937 von Ohain had successfully bench- 
tested a small jet engine. On August 27, 
Ohain’s Heinkel 178, powered 
engine called the Heinkel S3B, 
e first successful jet-powered flight 
in the history of aviation. The engine devel- 
oped slightly more than 450 kilograms of 
thrust. In Italy, a Caproni-Campini plane 
made a jet-propelled flight on August 27, 
1940. 

Jet-propelled planes played no part in 
the early years of World War II. Later the 
Germans developed a pilotless jet plane, 
known as the V-1, or “flying bomb” or 
“buzz bomb,” which was launched from 
sites on the western European coast. The 


first one was fired on June 12, 1944. The 
V-1 flew until its fuel was exhausted. Then 
it dived to earth and exploded. The Ger- 
mans also built a huge rocket, called the 
V-2, which was first fired on September 8, 
1944. It crashed into target areas in Eng- 
land at a speed much greater than that of 
sound. 

Piloted jet planes appeared toward the 
end of the war. The British introduced the 
combat plane known as the Gloster Meteor 
I. It was powered by the Rolls Royce 
Welland engine, based on the original Whit- 
tle design. The Germans countered with 
the Messerschmidt 262, a jet fighter with a 
Junkers 004 engine. Neither the Gloster 
Meteor I nor the Messerschmidt 262 had 
much of a war record. 

In the United States, jet-propulsion 
progress had lagged from lack of official in- 
terest, although some American engineers 
experimented with the principle in the late 
1930s. In the early 1940s both the General 
Electric Company and the Westinghouse 
Electric Corporation began to work on 


Diagrams show the basic construction of three kinds of jet power plant. Top to bot- 
tom: the turboprop, turbojet, and ramjet. Rocket engine is not shown. 
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jet-propulsion engines. In October 1942, the 
Bell XP-59, with a GE I-16 engine, took to 
the air. June 1944 marked the highly suc- 
cessful debut of the lockheed XP-80, which 
was powered by a GE turbojet known as 
the I-40 and later as the J-33. The P-80 
became America’s first operational fighter. 

Jet propulsion made tremendous 
progress in the years immediately following 
the end of World War II, as engine ef- 
ficiency increased. Today engines of 4,500 
kilograms of thrust or even more are com- 
mon. 


THE FOUR BASIC TYPES 


There are four basic engine types that 
use the jet-propulsion principle: the rocket, 
the turbojet, the turboprop, and the ramjet. 
There are also several variations and com- 
binations of these types. 

Rockets. A rocket engine is really only 
a combustion chamber in which fuel, either 
solid or liquid, is burned. The resulting 
gases expand enormously under intense 
heat and are forced out from the rear of the 
rocket tube at high velocity, creating thrust. 
Unlike other types of jet engines, the rocket 
does not draw air from the atmosphere. It 
carries its own oxygen with it, in the form 
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of liquid oxygen or of a compound such as 
hydrogen peroxide. 


The great disadvantage of rocket 
power is the extremely high rate of fuel 
consumption. Most rocket engines can fly 
for only a few minutes. The chief advantage 
of the rocket lies in its abilit generate 
very high thrust in a comparatively small 
package. Rockets called jato units have 
been attached to jet planes or »pellered 
planes to provide extra power for take-offs, 
The word “‘jato” comes fror t-assisted 
take-off.” Planes powered e vely by 
rockets are still in the exper tal stage. 
Because the rocket does not re air, it 
can be used in spaceships. 

The United States activ igaged in 
developing rocket planes, Thi t one, the 
MX-324, took to the air in 19 In 1947 
the SX-1, or X-1, became th t aircraft 
to exceed the velocity of ı\d—about 
1,060 kilometers per hour at | altitudes. 
It was powered with four hol and 
liquid-oxygen rockets, developing a total 
thrust of 2,700 kilograms. A number of 
other rocket planes were designed thereaf- 
ter to solve different research problems. 
Generally, they were somewhat modified 
versions of the machines mentioned above. 


The Boeing 747SP (Special 
Performance) is a longer 
range, lower weight version 
of the 747. It has a shorter 
fuselage than the standard 
model. The maximum seat- 
ing capacity is about 300 
people. The plane is de- 
signed for use on less- 
traveled routes. 


The ¥-15 was a particularly powerful 


rocket Equipped with a rocket 
engine l with liquid oxygen and am- 
monia leveloping a thrust of 22,700 
kilogra e X-15 could fly at more than 
5,800 | ters an hour 160 kilometers 
above arth. Considered the first 
manne »ship, it answered many ques- 
tions al ivel in the uppermost reaches 
of our : here. 

Tt Perhaps the best-known jet- 
type e s the turbojet, or turbine-jet. 
In this of propulsion, air is drawn 
from th osphere through intakes, usu- 
ally lo in either the nose or the wing 
roots í lane. The air is compressed, 
led int nbustion chamber, mixed with 
injecte and ignited. The resulting 
gases < ced rearward at high velocity. 
They d turbine connected to the main 
engine on which the compressor is 
mount ven they escape through the 
nozzle reaction from the spurt of 
gases přovides thrust. The escaping gases 
therefo t only propel the plane but also 
serve ti press the air drawn in through 
the inta 

Some turbojet engines are equipped 
with < ice called an afterburner, or 
reheat t This is simply a tail pipe at- 
tached the rear of the engine proper. 
Fuel is injected and burned in the after- 
burner is causes further expansion of 
the gases escaping from the engine, adding 
to the basic thrust and increasing the veloc- 
ity. Another way of increasing thrust is to 
Place a large cold-air fan in front of or 


behind the turbine. The fan forces masses 
of air into the exhaust stream, in addition to 
the air from the turbine itself. This kind of 
engine is known as a turbofan, and it is 
widely used on commercial airliners. 

In the early days of jet development, 
the turbojet engine used a great amount of 
fuel. Continued research, however, has 
made its operation much more economical. 
Fuel consumption in this type of engine is 
measured by the kilograms of fuel required 
to create one kilogram of thrust for an hour. 
Today the consumption rate is not much 
higher than the comparable rating of a pis- 
ton engine. 


Fritz Henle/PR 


Technicians check and service a jet engine to make 
certain that it is in good flying condition, Raised 
cowling reveals part of the interior. 


Speed is the major advantage offered 
by the turbojet type of engine, although up 
to the present time such speed has been ob- 
tained at the expense of range. Today there 
are several types of jet-propelled craft 
capable of exceeding the speed of sound in 
level flight. 

Turboprops. A variation of the turbojet 
principle is the turboprop, or turbine- 
propeller, engine. The intake, compressor, 
combustion, and turbine units are like 
those of the turbojet. The difference is that 
most of the energy released by the escap- 
ing gases is used to drive a propeller. Some 
of it, however, provides thrust as the gases 
escape. Thus, propeller drive and exhaust 
thrust are provided by a single engine. 
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Wing flaps lowered for takeoff, a Lockheed TriStar rises into the air with the 
thrust of its three turbofan engines, each of which provides 19,050 kilograms of 
thrust. The plane can carry a maximum of 400 passengers. 


The turboprop represents a compro- 
mise between the jet and the piston engine. 
It is slower than the jet but uses less fuel. It 
is faster and freer of vibration than the pis- 
ton motor. It burns more fuel than the lat- 
ter, but it can use low-grade fuel, costing 
less than aviation gasoline. 

Jet and turboprop airplanes are used 
for different purposes. The large turbojet 
serves particularly for long-range and inter- 
continental flights or for shorter hauls with 
large passenger and freight loads. The prin- 
cipal application of the turboprop and the 
small turbojet is in short-range and me- 
dium-range flight, where high speed is not 
so necessary. Turboprops use less fuel than 
turbojets, and generally they do not require 
very long runways. 

Ramjets. The ramjet, or “‘flying stove- 
pipe,” is the simplest of the jets that draw in 
air, since it has neither compressor nor tur- 
bine. Essentially it is a long tube containing 
a fuel-injection system and a spark plug. To 
work effectively, the ramjet must be moving 
at a high speed. To operate most efficiently, 
it must travel at speeds in excess of Mach 


JET PROPULSION 


2. Mach, or the Mach number, named after 
the Austrian physicist Ernst Mach, is the 
ratio of the speed of a body to the speed of 


atmosphere. 


sound in the surrounding 
peed of 


Therefore, Mach 2 is twice the 
sound. 

Compression is provided by the so- 
called ram effect—that is, the sudden com- 
pression of the air as it enters the tube at 
high velocity. No mechanical compression 
is required. The compressed air passes 
through the combustion chamber. There 
the burning fuel creates the working gas, 
which is expelled rearward as thrust. Ram- 
jets are capable of far greater power than 
anything yet attained by turbojets, but they 
also have a very high rate of fuel consump- 
tion. 

Because of the high speed required for 
ram compression, the ramjet has as yet 
found little application in manned aircraft. 
For one thing, having no mechanical com- 
pressor, it is incapable of taking off from the 
ground—that is, at zero speed. It does, 
however, have an application in guided 
missiles, which operate within the atmo- 


sphere. A missile of this sort is fired from 
the ground, using a rocket engine for the 
takeoff. Py the time the rocket fuel is ex- 
hausted, the missile has attained a speed at 
which its ramjets can operate efficiently 
and prope! it through the air. 
JET PROPULSION TODAY 

Jet power, once developed, was ap- 
plied at a rapidly increasing rate to com- 
mercial ition. Today giant turboprop 
and tur t airliners can carry up to 400 or 
more | ngers each, on sustained flights 
of thou of kilometers and, in some 
cases, velocities exceeding that of 
sound 

Great Britain was the pioneer in 
the turboprop field. In 1950 Vickers Arm- 
strong brought out the Viscount, a four-en- 
gine turboprop transport that became 
highly : essful in Europe and in North 
Americ fhe Viscount model 840 seated 
up to passengers. With its four 2,080- 
metric-hħo:sepower Rolls-Royce engines, it 
cruised at 640 kilometers an hour. The 
maximum range was 2,650 kilometers. 

About a quarter of a century later, a 
comparable leader in the field of British 
commercial aircraft was the British Air- 
craft Corporation’s BAC One-Eleven, 


Series 500. The twin-turbofan transport 
can seat up to 119 passengers and ordinar- 
ily cruises at about 740 kilometers an 
hour. Its maximum range is about 3,480 
kilometers. When the BAC One-Eleven 
first appeared in the 1960's, it was one of 
the first commercial jet aircraft to have 
rear-mounted engines in order to reduce 
noise in the passenger cabin. 

__ Other countries followed Britain's lead 
In the jet race. For example, in the United 
States, the Boeing Company flew the first 
American jet-powered commercial trans- 
port—the 707 prototype—in 1954. Several 
different models of this four-engine plane 
came to be used by a number of airlines the 
world over. Boeing’s giant in the field of 
commercial aviation today is the 747, 
which can seat nearly 400 people. Powered 
by four turbofan engines, it cruises at 
nearly 1,000 kilometers an hour and has a 
range of about 10,000 kilometers. 


THE SST CONTROVERSY 


A number of other countries are also 
producing large and small jet-propelled 
aircraft. The most striking development in 
this area in recent decades—and the most 
controversial—has been the appearance of 
the supersonic transport, or SST. Such 
aircraft are designed to fly at altitudes of 
more than 18,000 meters and at speeds in 
excess of 2,000 kilometers an hour. Three 
nations are now involved in the SST ven- 
ture: the Soviet Union, with its TU-144; 
and Great Britain and France, with their 
Concorde. The United States had devel- 
oped plans for an SST as well, but then 
abandoned them—partly because the pub- 
lic decided that the value of the new plane 
was not great enough to outweigh the 
disadvantages described below. As a re- 
sult, great controversy arose over whether 
or not to permit SST landings in the Unit- 
ed States when the planes began to fly ona 
commercial basis. Regular service was at 
last permitted (beginning in 1977) at a lim- 
ited number of U.S. airports. 

The controversy involves several 
issues. One is the matter of increased noise, 
both around airports and along the flight 
paths of the SSTs. Another is the possible 
hazard the high-altitude flights of the SSTs 
present to the earth’s ozone layer, which 
protects us from harmful radiation coming 
from the sun. Some people regard the SSTs 
as a costly waste of fuel for the sake of an 
hour or so less travel time. Others see the 
swift aircraft as the next logical step in the 
development of jet-propelled flight. 

Whatever is made of the SST issue, as 
the world moves into the era of supersonic 
and space flight, jet and rocket engines will 
undoubtedly be used to a greater extent, 
wherever very high speeds are necessary 
and wherever it is impossible to use pro- 
peller-driven craft. 

The practical use of atomic power in 
jet and turbojet machines has still not been 
realized, but experiments go on. A small 
nuclear reactor will probably heat air or 
water to operate the engines, so that a plane 
will be able to fly around the world without 


stopping to refuel. 
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Supersonic planes for commercial use are now in service. These planes can cross 


the Atlantic in about 3'/, hours. 


SUPERSONIC FLIGHT 


by E.V. Laitone 


The term supersonic refers primarily 
to the flight or motion of any solid body 
through a gas at a velocity that exceeds the 
velocity of sound in that gas. When we 
speak of sound in this connection, we have 
in mind the pressure variations that move 
outward in all directions, in the form of 
waves, from a disturbance such as the toot- 
ing of a horn or the roar of a lion. The 
waves in question are usually very weak. 
When they strike our eardrums, they set up 
vibrations that are recorded in the brain so 
that we hear the disturbance that set off the 
waves. These pressure variations, or sound 
waves, as they are generally called, exist 
whether or not they strike our eardrums 
and result in the sensation of hearing. 

Sound waves traveling through the at- 
mosphere near the earth’s surface have a 
velocity that decreases continually with al- 
titude. It ranges from 340 meters per sec- 
ond at sea level, under standard conditions 
of temperature and pressure, to 295 meters 
per second at an altitude of 11,000 meters. 
Then it remains constant to 25,000 meters 
altitude, after which it starts to increase. 

Suppose that the velocity of sound in 
the atmosphere at a given altitude is 1,100 
kilometers per hour, A plane traveling at 
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2,200 kilometers per hour is n twice 
as fast as the velocity of soun would 
say that it has attained a super eloci- 
ty of twice the speed of sound sonic 
velocities are not restricted to solids travel- 
ing through gases. Strong s waves, 
such as those set up by an explo travel 
at a velocity greater than the weak 


sound waves that we described a e. 
MEASURING SPEED 


The speed of any supersonic flow is 
usually given in terms of the Mach n umber, 
named after the 19th century Austrian 
physicist Ernst Mach. The Mach number 
represents the ratio of the speed of a body 
to the speed of sound in the surrounding at- 
mosphere. The speed of sound, or sonic 
speed, is Mach 1. The expression “Mach 
2” applied to a supersonic aircraft means 
that its velocity relative to the atmosphere 
is twice the velocity of sound passing 
through the atmosphere. 4 

The Mach number can also be applied 
to subsonic speeds—that is, speeds less 
than the speed of sound. In this case, also, 
it represents the ratio of the speed of a body 
to the speed of sound in the atmosphere. 
The Mach number, in the case of subsonic 


speeds, is «|ways less than 1. For instance 
the Mach number 0.9 refers to flight at 
nine-tenth. the speed of sound. 

A piace traveling at subsonic speed is 


preceded v the sounds or pressure waves 
that are coused by its flight. But since a 
plane in «wpersonic flight travels faster than 
sound, it «ives no advance warning of its 
coming. |» other words, it is preceded by a 
zone of sence. 

At s sonic speeds, then, the sound or 
pressure » aves travel faster than the body 
producin, ‘he waves. The waves spread 
out. The, become closely spaced ahead of 


the movin: body and they expand behind it, 


as shown in Fig. 1. To a stationary ob- 
server, there are more waves per second 
ahead of the approaching body causing the 


waves. | \crefore, the frequency increases. 


There are ‘ewer waves per second behind 
the bod» ‘caving the stationary observer, so 
the frequency is decreased. This is the fa- 


miliar Doppler effect. It accounts for the 


fact that a train whistle has a higher 
frequenc: «that is, has a higher pitch) upon 
approaching than it does upon leaving. 

At supersonic speeds, the sound 
source travels at a speed greater than the 
velocity of sound propagation and would 


tend to produce the wave pattern shown in 
Fig. 2. Note that the sound waves would 
begin to be propagated after the object had 
passed by a given point. Since time would 
be consumed while the body traveled, the 
oldest of the waves would have the largest 
radius at any given moment, while the most 
recent wave would have an extremely small 
radius. In either case, the waves at any 
given moment would be limited by the zone 
of silence. They would form a cone called a 
Mach wave, bounded by the zone of si- 
lence. The Mach wave is also known as a 
Mach cone and Mach envelope. 

_ As the Mach number increases—that 
Is, as the velocity of supersonic flight 
imcreases—the cone becomes progres- 
Sively narrower. It becomes progressively 
wider as the Mach number decreases. Fi- 


Fig. 2. At supersonic speeds, the pressure waves are 
Propagated after the body producing them passes by 
a given point. They form a cone that is called the 
Mach wave. 


Fig. 1. At subsonic speeds, the pressure waves travel 
faster than the body producing them. They become 
closely spaced ahead of the moving body and ex- 
pand behind it. 


nally, when the Mach number is 1—that is, 
when the object is traveling at the speed of 
sound, the Mach wave is no longer a cone 
but more nearly a plane at right angles to 
the direction of motion (Fig. 3). 

Suppose an airplane traveling at sub- 
sonic speed dives toward the earth. It may 
attain sonic speed during the dive pull-out. 
The pressure disturbances can pile up at 
the Mach wave or envelope, which by this 
time resembles a plane at right angles to the 
line of flight (Fig. 4). After the airplane has 
recovered from its dive, this envelope can 
continue downward until it reaches the 
ground and can make itself felt as a distur- 
bance, called a sonic boom. 

A plane traveling at supersonic speeds 
can bring about a supersonic boom even in 
steady, level flight. This cannot occur at 
subsonic speeds, since the increase in pres- 
sure produced as the plane passes through 
the air is spread over an unlimited area, and 
therefore results in a very small increase in 
pressure over the earth’s surface. Howev- 
er, at supersonic speeds the pressure in- 
crease can be propagated only behind the 
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ZONE OF SILENCE 


Fig. 3, (Inset) When an object travels at the speed of sound, the Mach wave is very 
nearly a plane at right angles to the direction of motion Fig. 4. After the plane pulls 


out of the dive, the Mach wave continues toward earth. 


envelope bounded by the zone of silence. It 
is this concentration of the pressure distur- 
bance that can produce a supersonic boom. 
If the airplane is flying very low, the pres- 
sure concentration can be serious enough 
to damage an ordinary roof top. 


DRAG FORCES 


An object moving forward through the 
air is retarded by it toa greater or lesser ex- 
tent, since the air or any gas has friction. A 
plane in subsonic flight is preceded by the 
pressure waves it creates as it makes its 
way through the air. These pressure waves 
push away the air in front of the plane and 
there is less drag than would otherwise be 
the case. But when the plane reaches sonic 
speed, or the speed of sound, the pressure 
waves no longer precede the plane. They 
no longer push away any of the air in front 
of the craft and the drag forces become 
much greater. The large drag rise as the 
plane approaches Mach 1, or the speed of 
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sound, is generally referred to as ihe sonic 
barrier. 

Even a conventional subsonic plane 
traveling at a speed below Mach | can en- 
counter an extreme rise in drag. This is 
why. As the wing moves through the air. 
the pressure over the wing is decreased. 
This results from the increase in the speed 
of the air stream over the wing in accord- 
ance with the law of physics called Ber- 
nouilli’s principle. Because the pressure 
decreases, the temperature is also lowered. 
Now the increase in velocity of the airflow 
over the wing directly increases the local 
Mach number—that is, the speed at this 
particular place, while the decrease in tem- 
perature of the air flowing over the wing di- 
rectly decreases the local speed of sound. 
This leads to a still greater increase in the 
local Mach number, since this number in- 
dicates speed in relation to the speed of 
sound. Eventually, if the plane is going fast 
enough, the local Mach number will be- 


rsonic, even though the flight 


come st: 
Mach n> ber remains subsonic—that is, 
even th ) the plane is still flying at a 
speed li an that of sound. 


wi this condition is reached, a 


shock \ arises and returns the flow over 
the win; ‘k to subsonic conditions. The 
local s! wave on the upper surface of 
the wi! ices the lift. It can also cause 
the air o separate from the wing and 
can pi a severe buffeting of the rear 
tail sui To avoid such’ buffeting, the 
rear ta ices are generally raised quite 
high | the wing of an airplane that 
travel: eeds approaching the speed of 
sound 

T} :h-tail position is not altogether 
effecti e airflow disturbance caused 
by the k waves mentioned above less- 
ens th called “downwash™ on the tail 
and the increases the static stability of 
the air By static stability we mean the 
tenden a plane to point itself automati- 
cally ir wind, like a weathervane. This 
makes raft more difficult to maneuver. 
In son es it has been found impossible 
to pull irplane out of a high-speed dive 
with th» available elevator-control surface 
motion. {his can lead to rather disastrous 
results 
MOVIN ROUGH TRANSONIC RANGE 


A supersonic aircraft is confronted by 
much the same difficulties as it moves 
through the transonic range—that is, the 
range of speeds from slightly less than 
Mach | to slightly greater than Mach 1. 
Hence it generally tries to pass through this 
range as quickly as possible. 

Supersonic aircraft are provided with 
swept-back wings as indicated in Fig. 5 in 
order to minimize adverse effects on con- 
trol and stability. Up to a certain speed the 
Mach waves produced by each segment of 
the swept-back leading edge (the foremost 
edge) of the wing push back much of the air 
in front of the plane. The flow can then 
proceed smoothly about the remainder of 
the wing without forming a shock wave 
(Fig. 6). As the flight Mach number in- 
creases, the Mach waves eventually be- 
come parallel to the fixed leading edge. By 


then shock waves have formed on the wing, 
as shown in Fig. 7. Hence, the degree of 
sweepback on the wing is dictated by the 
flight Mach number desired. The higher the 
Mach number, the greater the degree of 
sweepback. 

The leading edge of a swept-back wing 
actually performs best even at supersonic 
flight speeds if it is rounded, but only if the 
Mach waves lie ahead of the leading edge, 
as in Fig. 6. When the leading edge lies 
ahead of the Mach waves, as in Fig. 7, it 
must be razor sharp in order to decrease the 
shock-wave losses. The nose of such a 
plane must be as sharply pointed as possi- 
ble (Fig. 8). 


TESTS ON SUBSONIC AND SUPERSONIC 
FLIGHT 


Much of our knowledge of the phe- 
nomena of subsonic, transonic, and super- 
sonic flight is derived from tests carried out 
in wind tunnels. The apparatus shown in 
Fig. 10 can be used for subsonic wind-tun- 
nel tests for speeds up to Mach 1. The 
airflow is nearly always maintained by 
means of a propeller downstream at C. The 
wind-tunnel model is placed in the nozzle 
throat (B). which is called the test section. 
The size of the nozzle throat varies, in dif- 
ferent installations, depending upon the 
speed desired; the higher the speed to be 
tested, the smaller the test section. For 
tests of speeds approaching Mach 1, the 
cross section of the nozzle throat is only a 
square meter or so in area. At low, subsonic 


Fig. 5. Supersonic aircraft are provided with swept- 


back wings to ensure control 
US, Air Force Photo 
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speeds, the cross section can be very 
large—hundreds of Square meters. 
Sections 4 and C of the wind tunnel, in 
Fig. 9, are generally connected by means of 
a return passage. This contains turning 
vanes at each corner in order to return the 
air supply smoothly from C to A. The ve- 
locity in a subsonic wind tunnel such as this 
can be increased by increasing the revolu- 
tions per minute (rpm) of the propeller, The 
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Fig. 6. Up to a certain speed, the Mach waves push 

back much of the air in front of the pisos hence no 

shock waves are formed. 

Fig. 7. As the flight Mach number increase s, the Mach 

waves become parallel to the lead edge of the 

wing; shock waves are formed 

Fig. 8. The nose of a plane designed io travel at high 

Supersonic speeds must be as sharply pointed as 

possible for maximum efficiency 

highest Mach number in the no» >| throat is 

limited to unity (1). ; 
To test aircraft flying a ipersonic 


speeds, a wind tunnel such as that in Fig. 11 


is used. In this case, section C is the test 
section. Because interference © ects be- 
come greater as a plane attains personic 
speed, the mounting of a mode! in a super- 
sonic wind tunnel offers considerable dif- 
ficulty. Generally the model is set ona long 


sting, or boom, which extends quite far 
downstream behind the model. The boom 
contains a series of gauges which measure 
electrically the stresses produced in the 
simulated supersonic flight. 

If the area at C is decreased, the super- 
Sonic Mach number is decreased and the 
required operating pressure is higher. If the 
area at C is increased, the Mach number is 
also increased and the required operating 
Pressure at C is lower. Hence supersonic 
wind tunnels that attempt to run tests at 
several Mach numbers must possess the 
equipment to vary the cross-section area at 
C as well as the Operating pressure. This is 
generally done by increasing the pressure at 
A by means of air compressors, as shown in 
Fig. 10, while the area at C is altered by 
having a flexible or movable section be- 
tween B and C. Great care must be used in 
making the necessary adjustment in cases 
such as these. 

Supersonic wind tunnels require con- 
siderably greater metric horsepower for 
Steady operation than do subsonic wind 
tunnels. The Power requirements range 
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Fig. 9. This wind tunnel is used to test aircraft performance at subsonic speeds, up to 
Mach 1. The test model is set at B; the higher the speed, the smaller the test section. 
Fig. 10. Wind tunnel designed to test the performance of aircraft flying at supersonic 
speeds. To counteract interference effects, the model is mounted on a sting, or 


boom, 


from 1,000 metric horsepower for a 23-cen- 
timeter test-section diameter, to 60,800 
metric horsepower for the three square 
Meter test section of the supersonic wind 
tunnel at the Ames Aeronautical Labora- 
tie of the NASA at Moffett Field, Califor- 


EXPERIMENTAL TESTS 


The speeds and the temperatures en- 
countered by the re-entry nose cone are sO 
high that at present experimental tests can 
be carried out only on an extremely small 
Scale. Most of these tests are performed in 


an apparatus called the shock tube (Fig. 
11). which consists of a long pipe with a 
small diameter. A very small nose-cone 
model is mounted in the low-pressure end. 
This is temporarily shut off by a thin metal 
or plastic diaphragm from the high-pressure 
gas in the high-pressure chamber. The pres- 
sure ratios between the low-pressure and 
high-pressure parts of the pipe range from 1 
to 100 to something like 1 to 10,000, in 
order to simulate Mach numbers from 7 to 
20. 

When the model nose cone is ready for 
testing, a trigger mechanism is set off and 
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Fig. 11. Tests on re-entry nose cones are conducted in a shock tube, a long pipe of small diam 
eter. The tube is blocked up by a diaphragm; when this is punctured, high-pressure gas rushe 


into the chamber that contains the model 


the diaphragm is punctured, A slug of high- 
pressure gas from the high-pressure 
chamber rushes past the model. The net ef- 
fect is as if the model were traveling at 
hypersonic speeds. 

Supersonic craft for Passenger use 
have been developed by Great Britain and 
France. These planes carry passengers 
across the Atlantic in only about 3'/, hours. 
The possibility of Supersonic passenger 
planes making regular schedules has, how- 
ever, caused a great deal of controversy, 
much of it centered in the United States. 
Many people fear that the increased use of 
supersonic planes could cause serious dam- 
age to the environment—for several rea- 
sons. 

Supersonic planes fly at very high alti- 
tudes where their exhausts can affect the 
ozone layer of the atmosphere. The ozone 
layer surrounds the earth, protecting it from 
the sun’s ultraviolet radiation. Damage to 
this layer could, according to some re- 
Searchers, lead to an increase in skin 
cancer and to possible long-term climatic 
changes. There is no doubt that such ef- 
fects would occur were the ozone layer in 
fact totally destroyed. However, there isa 
great deal of doubt among researchers as 
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to whether numerous high-alti flights 
by supersonic aircraft could such 
damage to the ozone layer. A mount 
of work remains to be done | e satis- 
factory answers can be given to such ques- 
tions. Opposition to supersonic raft on 
this point is in the nature of a precau- 
tionary measure—that is, we should be 
Cautious about what we might be doing 
to the ozone, rather than being sorry later. 

There are several other environmental 
issues that also must be considered Super- 


sonic planes are less fuel efficient than con- 
ventional passenger jets, and the world’s 
supply of fuel is limited. f: 

The noise produced by supersonic 
planes is, however, the environmental issue 
that has attracted the most public interest. 
Supersonic planes are noisier than conven- 
tional jets. However, reports on how much 
noise levels would be increased by the 
flight of a limited number of these planes 
are not in agreement. People living in areas 
surrounding airports at which supersonic 
passenger planes would take off and land 
have voiced strong objections to the flight 
of these planes. At present the ultimate 
success of routine supersonic passenger 
flights is questionable. 
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travel at high speeds, the main body of the ship is lifted out of the 
et hydrofoil can reach speeds of 65 kilometers an hour. 


THE HYDROFOIL 


_ “A boat that flies through the water on 
wings’ that is an apt description of the 
hydrofoil, or hydrofoil boat. This graceful 
craft has been hailed as the most revolu- 
tionary development in marine engineering 
since steam was first used to propel ships. 
Its wings are known as foils, or hydrofoils 
(“water wings”), because of their resem- 
blance to the airfoils (“air wings”) of an 
airplane. The wings of a hydrofoil craft are 
attached to struts which extend downward 
from the hull. There are two sets of foils. 
One set is located forward of the boat's 
center of gravity. The other set of foils is 
near the stern. 

When traveling at slow or moderate 
Speeds, a hydrofoil operates like a conven- 
tional boat, with its hull partly immersed in 
the water. As the craft picks up speed, 
water is deflected from the upper surfaces 
of the foils, just as air is deflected from the 
upper surface of an airplane wing. The 
water pressure on the top foil surfaces 


decreases and this lessened pressure 
creates lift. As more and more lift is 
produced, the prow emerges from the 
water. Finally, the entire hull rises clear of 
the surface. It becomes “‘foil-borne.” In 
some types of hydrofoil craft, the foils 
remain fully submerged at all times. In 
other types, they are only partly submerged 
when the boat is “flying.” When speed 
slackens, the pressure on the upper wings 
increases and the lift is diminished. Finally, 
the hydrofoil becomes water-borne again. 


FAST AND SMOOTH 


Because the hull remains above the 
surface while it is foil-borne, it escapes the 
drag of surface friction, and it does not have 
to fight the bow waves that a conventional 
surface craft creates in front of itself. 
Hence a hydrofoil can go two or three times 
faster than a conventional surface craft of 
comparable size and horsepower. Since the 
hull is not subjected to surface turbulence, 
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the boat gives a smooth ride even in rough 
seas, unless the waves are larger than the 
craft itself. 

The idea of the hydrofoil goes back a 
number of years. In 1887 a French noble- 
man, the Count de Lambert, demonstrated 
a boat with foillike structures on the Seine 
River. The newspapers of the day reported 
the event, but little more was heard thereaf- 
ter about Lambert’s craft. 

The first really successful hydrofoil 
boat was built in 1905 by the Italian Enrico 
Forlanini. It attained a speed of 75 kilome- 
ters an hour. In 1919 the U.S. inventor 
Alexander Graham Bell and his associates 
constructed a 4.5-metric-ton hydrofoil boat, 
which is said to have raced along at up to 
130 kilometers an hour. The modern devel- 
opment of the hydrofoil began in Germany 
in the 1930’s. By 1945, nine different types 
of hydrofoils, with displacements of from 
less than one to about 55 metric tons, had 
been built and tested. 

Hydrofoils are now being used to carry 
Passengers on a number of the world’s 
waterways. An oustanding hydrofoil craft is 
the Soviet Meteor. Carrying 150 passen- 
gers, it has been plying for some time be- 
tween Gorki and Ulyanovsk, on the Volga 
River, and has attained cruising speeds of 
70 kilometers an hour. Other hydrofoils be- 
sides the Meteor are in Operation on the 
Soviet Union’s lake and river systems. 
Italy has also developed some remarkable 
Passenger-carrying hydrofoils. The Freccia 
del Sole transports Passengers in comfort 
across the choppy Strait of Messina. The 
Freccia del Garda, another Passenger hy- 
drofoil craft, operates on Lake Garda, in 
northern Italy. Other Italian boats make 
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runs between southern Italy an ious Si- 
cilian ports. Hydrofoils ply iters of 
the Swiss lakes. A hydrofoil t carries 
tourists between Piraeus, the of Ath- 
ens, and the Greek islands ir Saronic 
Gulf. Hydrofoils also ope: yn the 
Thames River in London, and orway, 
Venezuela, and other countrie 

U.S. commercial hydrof ve in- 
cluded Grumman Aircraft’s § ic-ton, 
30-meter hydrofoil Denison ned to 
carry 80 passengers at speed 150 ki- 
lometers per hour, it was used ries of 


tests and then turned over U.S. 


Navy. The first of several Bc letfoils, 
launched in 1974, is 27 meters nd dis- 
places 96 metric tons. Jetfoils uilt for 
use in rough waters. Powered \ter-jet 
pumps, they can carry 250 pass s at 80 
kilometers per hour on retract oils. 
POSSIBILITIES 

It is believed that the hy il may 
help solve the increasingly seri »mmut- 
ing problem in certain U.S ; lying 
along the coast or on rivers or la At the 
present time, however, hydrofoi’s in the 
United States serve chiefly leasure 
craft. Several U.S. manufacturers are of- 
fering hydrofoil-equipped boats, and sales 
are rapidly increasing. Hydrofoil kits are 


also available for converting conventional 
boats into hydrofoil craft. The kits include 
two main foils and a tail foil, which can be 
easily mounted and removed. Even sail- 
boats utilizing the hydrofoil principle have 
been developed. d 

There are other uses for hydrofoil 
craft. Transoceanic hydrofoil liners of up to 
1,000 metric tons would provide smooth 


rough seas and would lop days 


passages 
off the > times of even the fastest mod- 
ern line iydrofoils make ideal boats for 
harbor } > and pilots and for the customs 
service y could be used profitably by 
industri vhich workers and materials 
have t moved quickly. They could 
render le service, too, in the trans- 
port of able goods in quantity, partic- 
ularly i cal waters. 

TI \rofoil has interesting possibili- 
ties i litary operations. Atomic- 
powere marines can reach speeds of 
55 kil s an hour while fully sub- 
merge ire highly maneuverable. Con- 
ventior estroyers and patrol boats 
would hard to cope with them. The 
hydrofi owever, would be ideally 
suited rvice against atomic subma- 
rines. ild be more than a match for a 
subma this type in both speed and 
manet ity. Besides, it could operate 
with lit luction of speed in rough seas 
that we onsiderably slow down the or- 
dinary »yer or patrol boat. 


TI ust of the U.S. Navy hydrofoil 


progra 
vessels 


been toward larger and faster 
sinning with the small research 
Legs and the very successful 52- 
gunboat Tucumcari, the Navy 
; seen development of the 118- 
ton High Point, the 235-metric-ton 
missile ship Pegasus, and the 290-metric- 
ton U.S.S. Plainview, used by the Navy as 
a hydrofoil research platform. Later ships 
are expected to exceed 1,000 metric tons’ 
displacement and 125 kilometers per hour. 
Even though numbers of hydrofoil- 
equipped craft are in active use today, the 
hydrofoil is rather a boat of the future than 


Foils V-shaped and partly submerged at bow and 
stern. 


Foils submerged partly at bow and fully at stern. 


Sa 
= 
= 


Foils arranged in ladder fashion at bow and stern. 


Foils are fully submerged at both bow and stern. 


Howahydrofoil becomes “‘foil-borne.” Atfirstthe hull 
is partly submerged. As the boat accelerates, the lift 
provided by the foils causes the hull to rise above the 
surface of the water. Above: important hydrofoil types. 
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of the present. Engineers are stil! seeking to 
solve certain troublesome problems that 
have hampered the full development of the 
craft. For one thing, there is the phenome- 
non of cavitation, which arises when 
speeds of from 110 to 150 kilometers per 
hour are attained. In cavitation, the low 


water pressure at the top surface of the 
wings drops until it changes to vapor pres- 
sure, and this leads to the formation of 
areas of partial vacuum, that appear as bub- 
bles. When the bubbles wander to the high- 
pressure area at the rear of the wings, they 


= collapse and create turbulence. Consider- 
a. Peoral Paade able progress has been made in coping with 
The graceful Soviet-built hydrofoil craft Solyom this phenomenon, but it still imposes a limit 


e eee Oe Go thecgpeeds:thet a hydrofoil can rea 


Hydrofoils have been developed for military maneuvers as well as for pleasure boat- 
ing. The main attractions for hydrofoil fleets are the ships’ speed and maneuverabil- 
ity. They also operate well in rough seas. 
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British Hovercraft Corporation Led. 


Airplane the only vehicles to ride on air. This large ship is a hovercraft, or 
air-cush cle. It is pushed by the large propellers that sit on top 


AIR-CUSHION VEHICLES 


__ If someone told you that a train could 
literally fly over the rails, perhaps you 
wouldn't believe him. What if he then told 
you that a ship can cross a stretch of ocean 
Without touching the water? You still 
might not believe him. 

Start believing. Such craft, called air- 
cushion vehicles, do exist. 

An air-cushion vehicle, or ACV, is a 
machine designed to operate on a cushion 
of air at a height of a few centimeters above 
the surface of ground, rails, or a body of 
water, 

The air cushion is provided by one or 
More powerful fans whirling on a vertical 
axis and directed downward. Forward mo- 
tion and braking are supplied by horizon- 
tally mounted propellers or turbines. In 


This “surface effect ship," as it is called by the U.S. 
Navy, heads out for a test run. Some seagoing ACVs 
can reach speeds of 185 kilometers per hour 


Bell Aerospace Division of Textron 
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ACVs do not sit in the water, they can travel over shallow ar 
el from land to water and back again. 


other types of ACVs, air moved by fans 
through side ports provides horizontal pro- 
pulsion, braking, and control power. 
Air-cushion trains are propelled by tur- 
bines or by a device known as a linear-in- 
duction electric motor, The tracks are actu- 
ally part of the motor system. Coils in the 
ACV generate a magnetic field that actually 
moves the train horizontally on its air cush- 
ion along the tracks. Air-cushion trains 
have been developed in the United States, 
Great Britain, France, and the Soviet 
Union. Some experimental vehicles of this 


AIR-CUSHION VEHICLES 


type achieve speeds of up to 290 kilome- 
ters, 

Seagoing ACVs reach velocities of as 
much as 100 knots. They can also be 
operated over beaches, tidal flats, and 
shallows. Others can move up onto the land 
if the terrain is not too rugged. 

The air-cushion principle has been ex- 
tended to wheeled vehicles, where it sup- 
ports about 75 per cent of the weight of the 
vehicle. Such semi-ACV types can easily 
move over rough country or on wet or 
water-logged ground. 


yy aan sy 
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ectronics reach the average consumer very quickly. This register is 
scanning systems that automatically record and tally purchases. 


AN INTRODUCTION 
TO ELECTRONICS 


Rarely has a technological develop- 
ment had as great an impact on as many 
aspects of social, economic, and cultural 
development as the rapid growth of elec- 
tronics. Electronic devices affect our lives 
in many ways. There is hardly a tool or 
appliance or item of transportation or com- 
munication that in one way or another does 
not rely on electronic technology. Our 
timepieces record time more accurately, 
our homes are heated or cooled more effi- 
ciently, and our industries and health-care 
facilities serve us better because of the 
technological advances in the field of elec- 
tronics that have occurred over the past 
several decades. 

The revolution in technology stems 
from the scientific discovery of electrical 
particles. The control of these electrical 


particles, known as electrons, forms the 
basis of the vital science of electronics and 
of its numberless applications. 

Electronics is a development of the 
20th century. Many devices operated by 
means of electric currents were in use be- 
fore the beginning of the century. They in- 
cluded the electric motor, the telegraph, 
the telephone, and the electric light. But 
until science discovered the electron, peo- 
ple had no idea that electric currents simply 
represent the flow of electrons. Today we 
realize this fact, and we also know that 
streams of electrons may flow inside or out- 
side a conductor. Therefore, we reserve the 
term “electrical” for devices such as the 
electric motor, the telegraph, and the tele- 
phone where the stream of electrons flows 
in a conductor. The term ‘electronic’ is 


AN INTRODUCTION TO ELECTRONICS 


139 


140 


Fig. 1. Zigzag cathode 


applied to those devices in which the elec- 
trons are controlled as they move outside a 
conductor in a special kind of tube, called 
an electron tube, or else through a special 
kind of solid, called a semiconductor or 
transistor. Electric and electronic systems 
often interact. 

There are many different kinds of elec- 
tronic devices. We shall begin with the so- 
called vacuum tubes, in which electrons are 
controlled as they move about in a high 
vacuum. 


THE DIODE VACUUM TUBE 


The diode is the simplest vacuum 
tube. It contains only two elements—a 
cathode, the source of electrons; and a 
plate, or anode, the collector of electrons. 
The metal that constitutes the cathode is 
heated, and electrons are emitted from it. 
They form a fog that surrounds the cath- 
ode. Electrons have a negative electric 
charge. If the plate is positively charged, it 
pulls electrons away from the cathode. 
They are immediately replaced by other 
electrons emitted from the hot metal. These 
are pulled away from the cathode in their 
turn and are also replaced. The emission of 
electrons from a hot cathode is called therm- 
ionic emission. 

There are several different kinds of 
cathodes. One type is quite similar to the 
filament of an ordinary incandescent lamp. 
It consists of a small-diameter tungsten 
wire bent ina zigzag or M shape in order to 
get more emitting surface in a small space 
(Fig. 1). When the tungsten filament is 
Coated with thorium, it is called a thoriated 
tungsten filament. The emission of elec- 
trons is increased thousands of times, and 
the cathode can operate at a lower tempera- 
ture. Both of these types are known as di- 
rectly heated cathodes. 

A third type of cathode consists of a 
Core of platinum or nickel covered with a 


AN INTRODUCTION TO ELECTRONICS 


TUNGSTEN 
HEATER 


CATHOD 
SLEEVE 


HEATER 
LEADS 


CATHODE 
LEAD 


Fig. 2. Indirectly heated cathode 


mixture of barium and strontium oxides. 
The cathode may be heated direcily. In that 
case it is usually in the form « ribbon. 
Generally, however, indirect | ng takes 
place. The coating of oxides is ; pplied to 
the outside of a tiny nickel sleeve—a 


hollow cylinder. Inside the sleeve is a 


coiled tungsten wire that is heated by an al- 
ternating current (Fig. 2). This wire heats 
the sleeve to a temperature at which elec- 
trons are emitted. 

The anodes are hollow cylinders that 
surround the cathode. In small tubes they 
are generally made of nickel; in larger ones, 


they are of molybdenum, graphite, or tanta- 
lum. The envelope—the outside of the 
tube—is cylindrical; it may be of heat-resist- 
ant glass, such as Pyrex, or of coated glass 
or metal. 

Diodes can detect radio waves. As 
such they have played an important part in 
radio broadcasting, although they have now 
been superseded by transistors. The pur- 
pose of radio broadcasting is to transform 
audible sound waves, which are produced 
at the radio station, into radio waves. These 
are transmitted across great distances to 
the radio receivers and loudspeakers in our 
homes, where they are converted back into 
the original sound waves. 


THE TRIODE VACUUM TUBE 


The triode, or three-element tube, was 
invented in 1906 by Lee De Forest. It is still 
used in numerous electronic systems. In 
Figure 3 we show a simplified diagram of a 
triode. You will note that it has a cathode 
(K) and a plate (P) like a diode. It also has a 


Fig. 3. The a simplified version of which is 
shown her s developed by the U.S. electronics 
pioneer, | Forest 
third ele t, the grid (G), which is made of 
metal meshwork. The purpose of the grid is 
to regula e number of electrons that will 
make the journey from the cathode to the 
plate. F > sake of simplicity, we have 
represe! ihe three elements as lined up 
side by in the tube. Actually, the 
cathode is in the center. It is surrounded by 
the grid the grid in turn is surrounded 
by the irical plate. The grid is much 
closer t > cathode than it is to the plate. 
In Figure 3, note that a battery (C) is 
set in the circuit between the cathode, K, 
and the grid G. If the grid is given a suf- 
ficiently song negative charge, it will repel 


the elections emitted by the cathode and 
will prevent them from reaching the plate. 
As the negative charge on the grid is 
decreased, electrons will flow to the plate. 
This flow will increase as the negative 
charge decreases. If a positive charge is 
applied to the grid, it will add to the attrac- 
tive force exercised by the positively 
charged plate. The flow of electrons to the 
plate will be much greater than if there were 
no grid in the tube. 

_ One of the most important tasks of the 
triode in electronic devices is to act as an 
amplifier—that is, to transform small volt- 
ages into much larger voltages, while repro- 
ducing all the fluctuations of the original. 
Small changes in the grid voltage will 
produce as much effect on the plate current 
as a change of many volts in the plate volt- 
age. This increased current can easily be 
converted into a correspondingly great 
Voltage. If a change of one volt in grid volt- 
age has as much effect as a change of 10 


volts in plate voltage, the tube is said to 
have an amplification factor of 10. 

If the amplified output of such a triode 
were applied to the grid of a second triode, 
the combined amplification of the two tubes 
would be 100 times 100, or 10,000. A third 
tube would amplify this output another 100 
times. We would then have a total gain of 
1 million. 

The triode tube also serves in oscillat- 
ing circuits in which alternating currents 
are generated. It was used in this way for 
some time for radio broadcasting, for ex- 
ample. In radio we must have alternating 
currents with frequencies of hundreds of 
thousands or even millions of hertz. The 
generators in a power station could not 
produce anything like such frequencies. 
The alternating current they supply has a 
frequency of only 60 hertz. By using a 
triode in an oscillating circuit, alternating 
currents of millions of hertz can be gener- 
ated. 


MULTIELEMENT AND GAS-FILLED TUBES 


The above descriptions of the diode 
and the triode provide a basic introduction 
to electron tubes. From the 1920’s on, sev- 
eral other kinds of tubes have been devel- 
oped that are more complicated in struc- 
ture. Two examples are the tetrode and the 
pentode. They use one and two extra grids, 
respectively to deal with certain problems 
presented by the triode. Pentodes provide 
higher amplifications as well. Still more 
complex tubes with up to eight electrodes 
exist, along with combinations of these 
tubes in various arrangements. They con- 
tinue to be used in detectors, amplifiers, os- 
cillators, regulators, switches, and so forth. 

In all vacuum tubes it was found that 
in order to attract electrons from the elec- 
tron cloud surrounding the heated cathode, 
a high voltage is required. The reason is 
that once the flow of electrons between 
cathode and plate has started, the space 
within the tube has a strong negative 
charge. This tends to repel electrons from 
the cathode, and only a strong charge on 
the plate can counteract this repellent 
force. It was then found that if, after 
evacuating a tube, we admit controlled 
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Fig. 4. An ignitron. 


amounts of a gas—argon, neon, hydrogen, 
or mercury vapor—large currents could be 
carried with low applied voltages. This dis- 
covery led to the development of another 
great family of electron tubes, all filled with 
low-pressure gas. 

How do gas-filled tubes work? When 
the cathode is heated, it emits electrons, of 
course, and these will be attracted to the 
positively charged plate, or anode. On their 
way to the plate they will collide with the 
atoms of the gas. They will break off elec- 
trons from some of the atoms, and will 
transform these atoms into positively 
charged ions. The electrons released from 
the gas atoms will join those streaming 
toward the positively charged plate. The 
positively charged ions will tend to neutral- 
ize the negative space charge, thus permit- 
ting more electrons to flow. As a result, 
much larger plate currents are possible 
than is the case with vacuum tubes. The 
gas tube may operate with quite low poten- 
tials on the plate—10 to 20 volts. 

There are two main types of gas-filled 
electron tubes. Hot-cathode tubes use the 
gas to enable the tube to handle more cur- 
rent. Cold-cathode tubes use the gas to 
produce a glow lamp or to function as a 
switch or a voltage regulator. Glow lamps 
differ in color according to the gas with 
which the tube is filled. Neon is red, argon 
blue, and mercury blue-green. 
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THYRATRONS 


Gas-filled three-element tubes have a 
grid, just as triodes do. Am hem are 
those called thyratrons, “door 
tubes’’—the grid represents the ` door.” If 
the grid of a thyratron egatively 
charged, it repels electrons « ted from 
the cathode, and no current wi w. As the 
voltage on the grid is made iegative, 
current will eventually flow ugh the 
tube, A visible glow will app: the gas 
atoms are ionized. Once the p! irrent is 
started, the grid cannot regu! amount 
of current flow as it can in the ım tube, 
The thyratron is not so fle as the 
triode. Its chief advantage is t can op- 
erate devices requiring current jany am- 
peres. : 

A vacuum tube can be tea up with 
the thyratron. The vacuum controls 
the voltage on the grid of the | itron so 
that the latter will be turned on particu- 
lar instant. Very tiny initial age im- 
pulses applied to the vacuum-tube grid can 
start the flow of currents of mar ımperes 
in the circuit of the thyratron. Such combi- 
nations are frequently used as fast operat- 
ing relays to control many types of indus- 
trial devices. 

IGNITRONS 

In the electron tube called the igni- 

tron, a pool of mercury serves as the 


cathode. A diagram of one type of ignitron 
is shown in Figure 4. The anode (A) is set 
Opposite the mercury pool (M). A silicon 
carbide rod (R) makes contact with the 
pool. When current flows through R and its 
tip is raised from the mercury pool, a spark 
will jump from the silicon carbide to the 
pool. Electrons will then be knocked out of 
some of the mercury atoms in the pool. As 
these electrons travel toward the positively 
charged anode, they will collide with atoms 
in the mercury vapor that has formed above 
the pool. They will break off electrons from 
these atoms, which will become positively 
charged ions. The positive ions will be at- 
tracted to the negatively charged pool 
cathode. They will bombard the pool so 
heavily that additional electrons will be 


whole process will continue as 
on until the anode voltage is 
ignitron has a high power out- 
en a heavy-duty workhorse of 


emitted 


electro: 
OTHER TRON TUBES 

In ibe called the magnetron, elec- 
trons ai irled in a spiral path in a mag- 
netic fi he magnetron is used for the 
general id application of ultra-high 
frequer lt made the development of 
high-pc adar and other microwave sys- 
tems pc A 

In `r type of electron tube, called 
the kly the velocity of the emitted 
electrot varied. The electrons are al- 
lowed t imulate in ‘‘bunches”’ as they 
travel the length of the tube. Each 
“buncl it arrives at the anode corre- 
sponds ingle cycle in a modulated cur- 
rent. Following the klystron and the magne- 
tron in the 1930s, numerous other micro- 
wave 0 tors and amplifiers have been 
developed. One such device, the traveling- 
wave tube, can amplify a wide range of 
microwave frequencies. It in turn has led to 
still more versatile electron tubes for this 
purpose 

Some electronic devices form and 
make use of a beam of electrons. Among 


them are the cathode-ray tube and photo- 
tube described below. The cathode-ray 
tube is familiar to us as the tube of a televi- 
sion receiver. In the tube, a beam of elec- 
trons—the ‘cathode rays’’—strikes a spot 
on a screen that is coated with a fluorescent 
material, and the beam gives up its energy 
in the form of light. As the beam is shifted 
from one spot on the screen to another, it 
forms a definite pattern, the “picture” of 
the television receiver. The brightness of 
this pattern can be regulated by changes in 
the intensity of the beam. The cathode-ray 
tube is used not only in television but also 
as a means of studying various electric and 
electronic phenomena. 

A few metals, such as cesium, emit 
electrons so readily that a small current can 
be obtained when these metals are struck 
by light. This phenomenon has led to the 
development of another class of electron 


tubes, known as phototubes. In these a 
specially prepared cathode emits electrons 
when exposed to light. The phototube is 
used in television, facsimile transmission, 
burglar alarms, and the sound system of 
talking pictures. It serves to open doors; 
count, sort, and inspect industrial materi- 
als; control machine operations; and pre- 
vent fires. It enables astronomers to mea- 
sure with considerable accuracy the faint 
light of a distant star. These are only a few 
of the phototube’s many uses. 


TRANSISTORS 


Thus far we have been dealing with 
the flow of electrons in various kinds of 
electron tubes. They have served as a basic 
introduction to the science and technology 
of electronics. However, a major innova- 
tion in electronics took place in the late 
1940’s with the development of devices in 
which electrons flow through solids instead 
of vacuum or gas-filled tubes. 

Solids now perform most of the func- 
tions of conventional electronic tubes. To 
understand this, we must consider the 
structure of solids and why some act as 
electrical insulators, others as conductors, 
and still others as both insulators and con- 
ductors. Those that act as both are called 
semiconductors or transistors. 

The first transistor was called a point- 
contact transistor. It was basically a small 
wafer of germanium, onto one surface of 
which two pointed wire contacts were 
made, side by side and close together. On 
the opposite surface of the wafer, a third 
contact was made with a flat metal elec- 
trode. The resistance of one point contact 
was found to depend on the current passing 
through the other point. In other words, the 
resistance effect was transferable from one 
point to the other. From this came the name 
“transistor.” 

When an input signal was applied be- 
tween one point contact, called the emitter, 
and the flat electrode, called the base, an 
enlarged replica of the signal was obtained 
between the other point contact and the 
base. As with a vacuum tube, the power for 
the amplification was drawn from a battery 
or other direct-current source. 
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Junction of a npn junction transistor. The base region controls the amount of current 


Passing from the emitter to the collector. 


JUNCTION TRANSISTORS 


Soon afterward, another type of point- 
contact transistor was developed. In this 
new type, the contact points were pressed 
against opposite faces of a very thin piece 
of germanium, and the base contact was 
provided elsewhere. This transistor showed 
that the transistor effect took place through 
the body of the semiconductor rather than 
merely along the surface, as some inves- 
tigators had thought. It led the way to 
another type of transistor that was not 
dependent on point contacts. This new 
type, called a bipolar junction transistor, 
has largely replaced the earlier types. 

The bipolar junction transistor is es- 
sentially a single crystal of a refined semi- 
conductor, usually germanium or silicon. 
This crystal contains minute quantities of 
impurity atoms of elements such as an- 
timony, arsenic, indium, and gallium, which 
have been deliberately introduced into 
the crystal. In the crystal a thin base is 
sandwiched between larger regions—the 
collector and the emitter. An electrode is 
attached to each region. 

In one type of junction transistor, the 
emitter and collector regions contain impu- 
rity atoms with more electrons than are 
needed to bond these impurity atoms into 
the crystal lattice of the semiconductor 
crystal. These excess electrons are free to 
drift about in the crystal. Since they carry a 
negative charge, the semiconductor in these 
regions is called negative, or n-type. 

The base region contains impurity 
atoms lacking some of the electrons needed 
to make a complete bond in the lattice. The 
absence of an electron in a bond leaves a 
hole with a Positive charge, A nearby bond- 
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COLLECTOR 

— os = 
ing electron can jump into the leaving 
another hole behind it. This ot le may 
capture another electron, an yn. The 
hole then appears to move in a tion op- 


posite to the electron mo\ t. The 


semiconductor in this area i d posi- 
tive, or p-type. 

The number of impurity a put into 
a typical semiconductor is ex ly small 
—about one in 100 million. H er, that 
is sufficient to provide enough ss elec- 
trons and holes to carry curren 

The boundary between st nductor 
areas that are predominantly pe and 
n-type respectively is called -n junc- 
tion. In an electrical circuit, a | junction 
will permit current to flow across it in one 
direction more readily than in the other di- 


rection. The junction transistor is actually 
two p-n junctions in series and can be either 
npn—that is, with a predominantly p-type 
area sandwiched between two predomi- 
nantly n-type areas—or pnp. k 

A diagram of an npn junction transistor 
is shown on this page. The thin base region 
acts like a gate or grid of a vacuum tube in 
controlling the amount of electric current 
passing from the emitter to the collec- 
tor. When a signal is applied between 
the emitter and the base, an enlarged repli- 
ca of the signal is obtained between the 
base and the collector. Depending upon 
how the three are connected, various 
amounts of current, voltage, or power 
amplification can be obtained. 


FIELD EFFECT 
The junction field-effect transistor was 


developed in the late 1950's. A chip of 
n-type semiconductor forms the main body 


of the tr stor. P-type areas called gates 
are on either side of the chip. A channel of 
n-type rial is formed between the 
gates. T vo gates are connected by elec- 
trical c ts made to the top and bottom 
parts o hannel. The bottom contact is 
the so: The top contact is called the 
drain. irrent flows from the source to 
the dri ugh the n-channel, and then 
goes e€ re through the circuit. 

ADVAN S AND USES 

TI we other types of transistors 
and ser ductor devices, and their appli- 
cations ery diverse. 

TI uum tube now has a very limit- 
ed pla lectronics. This is because the 
transist s several inherent advantages 
over ti icuum tube. (1) For many uses, it 
is simpley and potentially lower in cost than 
equiva acuum tubes. (2) The transistor 
require ily a fraction of the power 
needed a vacuum tube. (3) The transis- 
tor us operates cold, thus eliminating 
the nec r warm-up time. (4) The transis- 
tor car nade as small as a pinhead, per- 
Mitting extreme miniaturization. (5) The 
transis is extremely reliable when prop- 
erly manufactured and operated within its 
design limits. It may have a trouble-free 
life for decades. (6) The transistor is re- 


markably resistant to shock and vibration. 

One of the first commercial uses of 
the transistor was in hearing aids. Since its 
first use, it has made these devices far less 
bulky and more reliable than before. Tran- 
Sistors have also replaced the vacuum tube 
in telephone and telegraph equipment and 
in radio. Television sets are transistorized 
with the exception of the picture tube and 
Possibly a few other components. Transis- 
tors serve in test equipment, automatic 
controls, signaling equipment, automobile 
ignition systems, and medical devices. 
They have revolutionized the construction 
of electronic computers, where great 
numbers of amplifying devices must be 
used together. In aircraft, radar, missile 
guidance, communications, artificial satel- 
lites, and spacecraft, their small size and 
Weight and their minimal power require- 
ments are a tremendous asset. 


The growth of the electronics industry 
and the worldwide interest in electronics 
has been one of the most remarkable devel- 
opments of the 20th century. From the vac- 
uum tube of the 1930's to the transistors of 
the 1980's, few scientific advances have 
had as rapid an impact on society. The elec- 
tronics industry in the United States, 
Japan, and Western Europe is a multibil- 
lion-dollar business. 

The major thrust over the past several 
decades has been the production of minia- 
ture electronic circuits on very small semi- 
conductor ‘‘chips,’ no larger than a 
postage stamp. These microchips contain 
as many transistors and other circuit ele- 
ments as engineers can compact efficiently. 
They are so complex and powerful that 
they are doing more and more jobs once 
handled by complete electronic systems 
(see the article on Microprocessors). 

By the late 1980's, experts expect that 
almost every office will be affected by the 
technological revolution brought about by 
the microchip. Electronic devices are re- 
placing manual methods of filing, account- 
ing, and transmitting business data. 
Computers and word processors are famil- 
iar items, even in the home. One can only 
imagine how these and future develop- 
ments in electronics will reshape our lives. 


John Bardeen, William Shockley, and Walter Brattain 
received the Nobel Prize in 1956 for their investiga- 


tions leading to the invention of the transistor. 
Jack Steinberg A.T. & T. 
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MICROPROCESSORS 


What do home TV games, program- 
mable microwave ovens, hand-held calcu- 
lators, digital watches, a modern jet air- 
craft, and the car in your future have in 
common? The answer to this question is 
that each contains one or more micro- 
processors. Microprocessors, often called 
“computers on a chip,” affect us in many 
different ways at home, at work, and at 
play. 

The multibillion-dollar market for mi- 
croprocessors has created an environment 
of high technology that now touches nearly 
every aspect of our lives. The development 
of microprocessors has, for example, revo- 
lutionized the computer industry. In 1947 a 
three-ton computer costing millions of dol- 
lars occupied a large room. Less than four 
decades later, a chip costing a few dollars 
and no larger than a fingernail could outper- 
form its massive forerunner. In the field of 
education alone, the use of microcompu- 
ters in the classroom grew from 15,000 
units in 1981 to more than 60,000 units in 
1984. 

Microprocessors are a result of the 
miniaturization of electronic parts and cir- 
cuits. A microprocessor is an important 
part of a very small digital computer, called 
a microcomputer. All computers, regard- 
less of their size, have the same five ele- 
ments: input, memory, control, arithmetic 
and logic, and output. The figure shows the 
relationship between these elements. Data 
and Instructions enter the computer through 
the input unit. They are stored in the mem- 
ory as combinations of the binary digits, 
1 and 0. 


Central 
Processing 
Unit (CPU) 


Elements of a computer. 
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BITS AND BYTES 


Binary digits are calle: s. Groups 
of bits, called codes, are us: tore com- 
binations of characters, (let numbers, 
and special symbols) as dat: amples of 
binary-coded characters ar 110001, an 


eight-bit code for the nu 1, and 


11000001, an eight-bit code fi e letter A. 

Any eight-bit-code, su the ones 
above, is called a byte. Th ies for in- 
structions are also made bits and 
bytes. The sequence of ir tions put 
into the computer to solve roblem is 
called a program. 
MANAGING INFORMATION 

ELECTRONICALLY 

The control unit of a computer acts 
much like an officer directing traffic. It 
manages the operations of al! of the other 
units of the computer. The control unit 
interprets the instructions that make up the 


computer program. Then it causes them to 
be executed in a correct sequer 


The arithmetic and logic unit, called 
the ALU, performs the actual operations 
upon the data. The control unit and the 


arithmetic and logic unit together are called 
the central processing unit, or CPU. Thus, 
the CPU causes incoming data to be pro- 
cessed and converted into usable informa- 
tion. This information can be recorded or 
displayed on suitable output devices. : 
A microprocessor (often called a mi- 
Croprocessor unit, or MPU) is a CPU 
miniaturized to fit on a single silicon chip. 
Such a chip is no larger than one-half centi- 
meter square. Microprocessors are the 
most difficult circuits to design. In fact, 
their design and layout can take many 
months. The tiny microprocessor is the 
product of a new technology called micro- 
electronics. 
__ Microelectronics is the ability to de- 
Sign and to fabricate large numbers of 
miniaturized circuit elements. Current mi- 
croelectronic techniques place thousands 
of elements on a small silicon chip. These 


techniqu lso combine the chips into 
complex ctronic circuits. These elec- 
tronic s are called integrated cir- 
cuits, < Because they are low-cost, 
reliable reproducible, ICs are used in 
digital computers in large quantities. 
INTEGR ) CIRCUITS 

Pri the development of the IC, 
electro sineers used printed circuits— 
tiny ele ircuits with all of their con- 
nectio! ited or etched on special insu- 
lated t vaterials. The printed circuit 
carries te components that are man- 
ufactur d applied to the circuit in sep- 
arate Į ses. The IC has not only 
improv the design of the printed cir- 
cuit but reduced its size considerably. 


Th re two kinds of integrated cir- 


cuits- ı type and the semiconductor 
type (sı article ‘Introduction to Elec- 
tronic 

Fil 2 integrated circuits. These types 
of circ nay be made of thick or thin 
film. T} film ICs are made by painting, 
plating isting materials on a ceramic or 
plastic wafer or a semiconductor chip. The 
various s are called substrates. The 
materia ed to construct the integrated 
circuit are arranged in such a way as to 


carry out the functions of wire and other 
circuit components. Resistive paints, for in- 
stance, are used to provide the function of 
resistors. Conductive paints, on the other 
hand, are used to provide the functions of 
wires and capacitors. There are still some 
discrete components involved in the con- 
struction of the integrated circuit. Transis- 
tors, coils, diodes, and other components 
are later soldered onto the film on the wafer 
or chip. 

_ In thin-film integrated circuits, the cir- 
cuit is made by electrodepositing material 
onto the substrate. Some components, such 
as transistors and diodes, can be plated di- 
rectly onto the circuit. 

Semiconductor-type integrated circuits. 
The semiconductor integrated circuit 
greatly advanced the microminiaturization 
of circuits. The semiconductor integrated 
Circuit areas and lines that function as wires 
and components. These circuit functions 


Mullard Limited 


Some integrated circuits are small enough to pass 
through the eye of a needle. 


are found inside and outside the chip of 
semiconducting material. The regions can 
perform the functions of capacitors, resis- 
tors, transistors, and diodes. 

To make a semiconductor integrated 
circuit that performs the functions of a 
simple circuit containing a resistor, transis- 
tor, and diode, you start with a silicon chip 
that carries a positive charge—a p-type 
chip. Next, in a process known as doping, 
you add specific impurities to the chip so 
that you obtain positive, or p, regions and 
negative, or n, regions. A layer of silicon 
dioxide is placed over the n and p regions. 
This layer acts as an insulator. Openings in 
the layer are cut at specific points. Metal 
conductors are then placed on the top of the 
silicon dioxide layers and through the open- 
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ings to provide connections with the inner 
regions. 


MICROCOMPUTERS 


A microprocessor becomes a micro- 
computer with the addition of a memory 
unit and input/output (I/O) circuits, called 
ports. The ports connect the microcom- 
puter with input and output devices. The 
data bus is the electronic path that links 
the two parts of the microcomputer. 

The memory unit contains two types 
of storage made of semiconductor materi- 
als: random access memory (RAM) and 
read-only memory (ROM). RAM is high- 
speed memory on which the computer 
system can both store (write) or access 
(read) information. Typically, RAM is used 
as main memory for storage of up to 64,000 
bytes. The MPU registers also are RAM. 

The capacity of a memory chip is mea- 
sured in kilobytes (K), or units of 2" (1,024) 
binary digits. The capacity of the chip has 
been increasing exponentially owing to new 
engineering achievements. In the mid 
1980’s, the United States and Japan com- 
peted to design and market a 64K dynamic 
RAM, which actually has a capacity of 
65,536 bits. It is called “dynamic” because 
it stores information in the form of evanes- 
cent electric charges, which must be re- 
newed periodically. Before the end of the 
1980's, a 256K dynamic RAM is expected 
to be on the market. 

ROM is memory that can only be read. 
It cannot be written on by the computer. 
ROM is useful for storing programs that 
should not be altered. For example, the 
instructions essential to the operation of 
the computer are stored in the ROM. So, 
too, are programs that translate human- 
readable instructions into the binary lan- 
guage of the computer. TV games, hand- 
held calculators, and other items also use 
ROMs. 

Initially, microcomputers used two 
Separate chips, one for the MPU and 
another for the I/O ports and memory. 
Currently, single-chip microcomputers are 
available. With the addition of actual I/O 
devices, such as keyboards, cathode-ray 
tube (CRT) displays, printers, and soft 
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(floppy) magnetic-disk storai- units, the 
microcomputer becomes a n ‘computer 
system. 

THE FUTURE: SMART MACH!i 

Approximately 35 years the tran- 
sistor was developed as a rep)scement for 
the bulky, power-consuming um tube, 
In the 1960's and 1970's, tr: ors were 
used in large quantities in di omputer 
design. Continual progress made in 
reducing the size of integrat circuits. 
Microelectronics passed ti h three 
states of miniaturization: sm cale inte- 
gration (SSI), medium-scale integration 
(MSI), and large-scale integ n (LSI). 
The 1980°s ushered in a fourt! ze, very- 
large-scale integration (VLS VLSI in- 
creases greatly the number of loric circuits 
and bits of memory that can b ced ona 
single silicon chip. 

Present LSI densities ess. than 
100,000 devices per chip. Soon v iSI dens- 
ities of at least a million devices per chip 
are likely. This means that a miii ion bits of 
memory could be stored on a single chip. 


For example, a chip could contain a micro- 
computer complete with comple» logic cir- 
cuits, 250,000 bits of memory, and other 
Supporting electronics. At the same time, 
chips may be even smaller in size than at 
present and will cost less. é 

Ironically, just as ICs have revolution- 
ized the computer industry, the computer 
is now the essential element in IC design. 
Once a design engineer establishes the 
basics, the computer takes over, stringing 
together previously developed elements for 
specific functions. Computers have become 
the tools for designing ICs, and we are only 
at the beginning. By the early 1990's, pre- 
dict some experts, we will see on the order 
of 15 to 20 million devices on each chip. 

We are entering an era that will be 
heavily influenced by the presence of smart 
machines—machines that contain one or 
more microprocessors. Smart machines 
will have increasing use in the home, in the 
office, and in the marketplace. Our life- 
styles and our standards of living will per- 
haps be altered to an extent greater than We 
can now imagine. 


© Robert Isear/Photo Researchers 


'ERSONAL COMPUTERS 


by Gerald S. Axelrod 


In the br riod since its 
introduc the personal 
compute proved itself 
to be ar yrtant educa- 
tional to people of all 
ages. 

ı can I have my turn at the com- 
puter? ie question anxiously asked of 
many | rn parents concerning the per- 
Sonal computer, one of the newest, most 
excit ditions to the array of electronic 


devices ible in the home. The personal 
compu \anipulates numbers rapidly and 
can stor, sort, and retrieve enormous 


amounts of information. Whether perform- 
ing as a budget balancer, math tutor, game 
player as a portal to almost limitless 
stores of data, it is fast becoming a familiar 
and tir s contributor in many house- 
holds and small businesses. 

Personal computers are becoming 


more popular as prices are lowered and 
Operation becomes more simplified. Com- 
Petition among manufacturers continues 
to encourage the evolution toward more 
powerful and more affordable personal 
computers. 


A TYPICAL SYSTEM 


The heart of any computer is its cen- 
tral processing unit (CPU). In the personal 
computer the CPU is usually a group of sil- 
icon chips, or microprocessors, that to- 
gether control and synchronize the various 
Components of the computer as well as per- 
form the arithmetic and logic functions of 
the system. The speed of the microproces- 


sors within the CPU allows it to execute 
thousands of tasks in’ a single second, al- 
though all of its operations must be reduced 
to the simple level of combining zeros and 
ones. 

Closely associated with the CPU is the 
computer’s primary storage unit, or mem- 
ory. Memory is measured in bytes, each 
containing eight bits, or binary digits, with 
a value of either 0 or 1. One kilobyte (K) of 
memory contains 1,024 bytes of storage. A 
page of this book holds about 4,160 char- 
acters and spaces. To store its contents 
would require 4,160 bytes (33,280 bits) of 
memory. 

The built-in memory, or read-only 
memory (ROM), contains the operating in- 
structions for the computer and usually the 
interpreter that translates readable instruc- 
tions into the binary language of the com- 
puter. The second kind of storage in the 
memory unit, random access memory 
(RAM), is like the scratch pad for the com- 
puter, holding instructions for the task at 
hand. Unlike ROM, the RAM is lost when- 
ever the power is turned off. It may be 
stored on tape or disk. 

Many personal computers are based 
on microprocessors that can use only eight 
bits of data at a time and can access only 
64K bytes of RAM easily. Inexpensive 
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ADD-ON DISK DRIVE expands 
storage capacity 


MODEM links the computer via 
telephone lines to other systems 


PRINTER reproduces typed lines 
at high speed 


CRT monitor displays inp 
put 


CPU, containing the )ces- 
sor, controls all comp tions. 
Adaptors provide ad nem- 
ory and contro! pe nard- 
ware. The DISK DR rec- 
ord-like disks 
JOYSTICK contr vements of 
elements on scre jeo games 


eo 


MOUSE controls a symbolic desk- 
top on the monitor, facilitating se- 
lection of computer functions 


The drawing shows some of the peripheral hardware th 
the effectiveness and versatility of the personal comput 


256K RAM chips have become available 
and, as computers are upgraded, may be 
the future standard for personal computers. 

The CPU and memory are deaf and 
blind without input/output (1/0) devices. 
The simplest include a cathode ray tube 
(CRT) terminal, or monitor, a keyboard, 
joysticks to operate games, a printer, anda 
tape or disk recorder and playback device, 


or drive. I/O devices are also called periph- 
erals, 
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KEYBOARD permits the user to 
communicate with and command 


the computer 
í DISKS, floppy or hard, store in- 
formation 


aes 
PLOTTER draws color graphics 


SOFTWARE consists of co 
or systems programs 


includes 
tions,pro- 
portive in- 


DOCUMENTATION 
background, specific 
cedures, and other su; 
formation 


at can be used to expand 
er. 


POWERFUL PERIPHERALS 


The disk drive is more versatile than 
the tape drive. It can access programs Or 
data from any location on the storage disk 
using a read head similar to the arm on a 
phonograph. Mini-floppy disks, or disk- 
ettes, are low in cost and reliable. A stan- 
dard 54-inch diskette can hold about 150K 
on a side. Less expensive 34-inch and 
large-capacity 8-inch diskettes are also 


available `r more extensive storage 
tasks, a hed disk enclosed in a dust-free 


environm may hold from 5 to 20 mega- 
bytes (mi’ bytes, or M). 

A} mn (modulator/demodulator) 
connects somputer to the outside world 
via telep! lines. It converts the elec- 
tronic sig from the computer into tones 
that can © carried over telephone lines. 
The spec: data transfer, in bits per sec- 
ond, is i sd to as the baud rate. Most 
home cx ers transfer at 300 baud, or 
almost 40 aracters per second. 

Wit nodem, connections can be 
made to computer networks offering a wide 
variety < ices. These include access to 
databases. electronic mail service, elec- 
tronic shopping, news and informational 
services | computer games. 


Dat es may include library re- 


search s ces with comprehensive cata- 
loging. physician, for example, may 
locate al most recent papers and ab- 
stracts © disease and its treatment by 
accessin medical database. Electronic 
mail serv ıllows users to leave messages 
for one ano her. These are stored elctroni- 
cally unui they are accessed, and no 
Printed copy may exist. Electronic shop- 
Ping allows « bargain hunter to scan nation- 
wide catalogs on the monitor at home and 
to charge purchases to a credit card num- 
ber. In addition, the modem permits access 


to larger computers used for running com- 
plex programs. 

To prepare permanent copies of what- 
ever appears on the monitor, small printers 
are available for home use. Thermal print- 
ers burn letter-shaped dot patterns in spe- 
cial coated paper. Quality is poor, but the 
Printers are inexpensive. Dot-matrix print- 
ers use a grid of small dots to create char- 
acters. Print quality may not be perfect, but 
dot-matrix printers are fast and can repro- 
duce graphics. The slower daisy wheel 
Printers, using a rotating wheel of type 
characters and a hammer mechanism, 
have multiple typefaces and excellent print 
quality, 

Graphic tablets and light pens allow 
users to draw on the CRT screen without 
the need for sophisticated programming. 


To use the graphic tablet, one draws on a 
special pad with a stylus, and the corre- 
sponding design is created on the computer 
screen. It is saved in RAM for manipulation 
or later transfer to disk or plotter (which 
records graphics on paper) for permanent 
storage. The light pen is actually used on or 
near the surface of the CRT. Its position is 
detected by the CRT and relayed to the 
computer. 

Voice recognizers are evolving rap- 
idly. It is already possible to communicate 
with a computer without the aid of a key- 
board or CRT. Voice synthesizers, simulat- 
ing the human voice, are surprisingly 
effective, and music synthesizers allowing 
complex harmony and chord structure are 
available for some personal computers. 


USES FOR PERSONAL COMPUTERS 


Even the most sophisticated personal 
computers are helpless without intelligent 
users. Many owners can write programs, or 
software, in a simple computer language 
but rely on purchased programs to expand 
the range of computer uses. 

Entertainment is a popular use of per- 
sonal computers. Colorful high-resolution 
graphics and multivoiced sound and speech 
synthesizers have brought the quality and 
excitement of arcade games into the home. 
There are highly versatile entertainment 
programs, such as interactive novels and 
adventure games where user participation 
changes the outcome of the story. l 

Many software programs exist to sim- 
plify and abet personal finance and record 
keeping. These may be used to balance a 
checkbook, keep monthly and yearly fam- 
ily finances in order, and retain income tax 
or investment records. Larger record-keep- 
ing programs, called spreadsheets, are used 
by professionals and small businesses to 
display compilations of data and to make 


statistical projections. 
EDUCATIONAL COMPUTING 


Educational software can teach a vari- 
ety of subjects from math tutorials to pro- 
gramming. Programs can teach by drill and 
practice or can involve the student with 
simulations of events ranging from chemi- 
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cal processes in primeval ecosystems to 
physical changes inside a nuclear reactor. 

Drill and practice programs are used 
for reinforcement of previously acquired 
skills. A simple drill and practice program 
might involve random generation of math 
problems and giving the student sufficient 
tries to arrive at the solutions before re- 
vealing the correct answers. More complex 
programs can adjust the level of difficulty 
as the student progresses, keep records of 
performance, and provide a compilation of 
areas of weakness for teacher use. 

Drill and practice can also be used to 
teach motor skills such as touch-typing. So- 
phisticated typing programs can keep track 
of areas of student weakness and empha- 
size these in later exercises. Motivational 
typing games, such as shooting down letter 
combinations, much like in an arcade 
game, can make learning fun. 

Tutorial programs teach new skills. 
There are many programs that teach com- 
puter programming. Such instruction is 
easily translatable to a computer format. 
Tutorial programs that teach conversa- 
tional language are also common and may 
be very successful when combined with the 
use of voice synthesizers. Subjects such as 
accounting, algebra, and physics have been 
adapted to the tutorial format. 

Simulation, another type of educa- 
tional program, allows users to input vari- 
ables that will affect the outcome of a 
simulated event. Decisions determine the 
outcomes of events within parameters 
drawn from real data. 

For example, a whale migrating along 
the Pacific coast from Canada to Mexico 
appears to make certain decisions as to 
feeding, swimming speed, responses to 
other creatures, and so on. A simulation of 
whale migration allows us to investigate 
whale behavior by “witnessing” the out- 
come of a variety of decisions confronting 
the whale: Not stopping to feed may result 
in weakness or death. Delaying too long en 
route may bring the whale to the breeding 
grounds too late to find a suitable mate. 

Interactive video programs are a new 
and different format for educational com- 
puting. These involve connecting a video- 
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cassette or videodisc player \ a personal 
computer. In some programs material is 
presented by means of a vidco lesson—as 
in educational TV—followed by a quiz. If 
any mistakes are made, the sections of the 
lesson that provide the corre: | answers are 
automatically replayed. The guiz is then 
reviewed until the accepiabic level of 
competency is demonstrated Corporate 


training departments have found this for- 
mat very useful. 


WORD PROCESSING 


Word-processing progra can save a 
lot of time for people who have large 
amounts of typing to do, With a typewriter, 
one misplaced word might ri e retyping 
an entire page. In a long report, deleting 
one paragraph might affect ul pages or 
more. With a word process the text 


being prepared is stored on a disk before it 
is printed. Changes are made on the CRT 


and in the RAM as the computer automati- 
cally reformats the corrected ‘ext. The re- 
sult is printed out with letter quality. ; 
Multiple originals adapted for specific 
purposes can be easily prepared from one 
basic letter. Much of the drudgery of rou- 
tine office work can be minimized using 
word processing. 
HOBBY USE 


Hobbyists enjoy personal computers 
in a different way. Many are members of 
user groups that meet in person or via 
modem to exchange programs and ideas. 
Robots and robotic devices are available as 
hobby kits. Some dedicated computerists 
control their homes using a computer to 
regulate heating and cooling, lighting, ap- 
pliances, and alarms. Advanced users can 
change the working of their computers by 
writing additional or new ROM. T 

The personal computer is an exciting 
device with growing significance. A pow- 
erful instrument of communication, cal- 
culation, and learning has been made 
available to great numbers of people. AS 
personal computers expand in usability and 
application, they will play more and more 
important roles in our society as well as 1n 
our daily lives. 


Wang Laboratories, Inc. 


e-art office workstation integrates word-processing and dicta- 
1g a worker to dictate and edit voiced messages. 


OFFICE AUTOMATION 


by Benedict A. Leerburger 


View any 1960’s movie containing an 
office scene, and the props are similar: a 
few Standardized office machines such as 
typewriter, dictaphone, adding machine, 
and telephone. The Hollywood film of the 
present and future, however, to be realistic 
Must present a more automated office 
scene, 

The computer has revolutionized of- 
fice techniques in recent years and shows 
every sign of altering standard office pro- 
cedures in the future. Such innovations as 
computer-generated business graphics, 
Word processors, teleconferencing, elec- 
tronic mail, and databases are all computer- 
controlled and have improved office effi- 
Ciency in startling ways. 


All computers, whether personal size 
or huge mainframe complexes, have in 
common the ability to analyze and com- 
pute, or to work with thousands of numbers 
per second, and the ability to store vast 
amounts of information, sort through it, 
and retrieve it on command. The 19th-cen- 
tury English mathematician Charles Bab- 
bage is probably the father of the modern 
computer. His plan for an ‘‘analytical en- 
gine” contained the basics of today’s com- 
puter. It consisted of a “mill” that 
employed specific rules to manipulate data, 
a memory for storing information, a unit 
that carried out the user’s instructions, and 
a facility for placing information into the 
machine and retrieving it. 
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Number of office employees (100,000’s) 


OFFICE AUTOMATION 


Shifting employment reflects the changing 
nature of office work and an increasing con- 
cern with office productivity. 


(US. Bureau of Labor 
1990 Statistics Projection) 
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All computers, like Babbage’s early 
one, can be programmed. That is, an indi- 
vidual can present the computer with a set 
of „organized commands so that the ma- 
chine can complete a specific job, such as 
identifying grammatical errors in a text or 
managing a payroll. 

Capacity is perhaps what distinguishes 
the small personal computer from the huge 
corporate one. But because components 
are so similar, distinctions are blurred as to 
what constitutes a Personal computer and 
what Constitutes an office one. Many small 
businesses, for example, successfully rely 
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upon home computers t zanize cus- 
tomer names, addresses, telephone 
numbers, or to prepare me invoices, 

One estimate for the number of per- 
sonal computers in use by year 2000 is 
80 million. Certainly many iese will be 
in offices. Numerous offic orkers now 
use these computers at h The office 
away from the office saves pany space 
and employee commuting | 

In recent years, office ve come to 
rely upon the services of com uters in var- 
ied and unusual ways. In :he office at 
southern California’s Antelope Valley High 
School, for instance, every rnoon after 
school, the school’s comp phones 30- 
second reports to the parent truant stu- 
dents. For businesses, cor ers present 
lists to salespeople of all mers in a 
certain zip code or telephone «) ca code. 

In medicine, computers ist in mak- 
ing diagnoses as well as kee} records on 
individual patients. The medica! data bank, 
CADUCEUS, stores 4,000 syr iptoms of 
more than 500 diseases. It cay distinguish 
patterns in symptoms that patients report, 
and then suggest diagnoses h comput- 
erized activity in a hospital office can save 
valuable doctor and nurse time. Computer- 
ized filing systems have simplified office 
procedures, as have automatic bank teller 
machines. Robots have so far been used 


largely in factories, but perhaps an office 
worker of the future will be a skilled robot. 


TELECONFERENCING 


A major advancement for the auto- 
mated office has been teleconferencing. 
Through audio and visual wall screens, this 
phenomenon allows participants from all 
over the country or the world to attend 
meetings without traveling, thus eliminat- 
ing travel time while involving people as 
necessary to solve a problem. Cost savings 
are also important. Computerized visual 
and audio segments are essential to these 
meetings. People can confer with each 
other as they see members of a group on 
video screens. In addition, with split-se¢- 
ond timing, they can transmit written an 
visual materials or any data needed for the 
Specific conference. 


Util z satellites, these conferences 


can be arranged with either full movement 
or what called “‘freeze-frame’’—video 
pictures change only intermittently and 
are less y than the full-motion variety. 
One ver planned for the mid-1980’s will 
provide y satellites and earth stations, 
with cli: ising their own office terminal 
equipm: yr teleconferencing. Another 
planne< ellite-based system requires 
custom > lease satellite space. With an 
earth si ı in each of 200 metropolitan 
areas, ill allow high-speed document 
and dat nsmission along with telecon- 
ferencin 
DATABA 

Cle an essential factor in telecon- 
ferencir the sharing of timely and com- 
plex dat, and a major requirement for the 
automa! office is its database, a com- 
puter [ii information on individual sub- 
jects o combination of subjects. More 
than |, databases were available to 
compute: users in 1983, with more appear- 
ing mon 

To »ke advantage of databases, office 
personne! need a computer and a modem, 
a device ‘hat converts computer signals for 
telephone transmission. In the future, sat- 
ellites will link computers together with 
high-speed service, avoiding the need for 


conventional telephone service. Voices will 
be converted to computer-readable elec- 
tronic signals (digitized) before being trans- 
mitted at phenomenal speeds and then 
reassembled at the receiving end. 

What kinds of databases are available? 
Some are very specific—such as meteoro- 
logical information—and some are much 
More general, such as one that maintains 
financial reports on leading U.S. compa- 
nies. Some are simply files containing news 
Stories or information printed in vari- 
ous publications. Statistical information is 
available on varied aspects of business and 
finance, both in the United States and 
abroad. One can tap a law database for 
legal precedents or find information about 
the workings of Congress, all in seconds. 

During teleconferencing, participants 
can at the same time call for information 


from a database and also transmit their own 
statistics for comparative analysis. Some 
data banks allow participants to submit 
models for analysis. For instance, if partic- 
ipants in a conference are considering the 
pros and cons of building a new plant or 
adding to an existing facility, the data bank 
can not only provide statistics about such 
activities but can also enable the partici- 
pants to weigh alternatives by examining 
mathematical simulations. 

Another major type of database con- 
tains bibliographic data. The DIALOG sys- 
tem serves thousands of customers in 
dozens of countries, supplying them with 
bibliographic information in science, engi- 
neering, and business. Databases have 
been created to provide essential informa- 
tion for market-research companies, in- 
cluding econometric and financial 
forecasting. At least one New York City- 
based advertising agency has a room 
equipped with computer terminals that 
have access to some 200 databases, so that 
sophisticated information is available for 
any sort of conference. The agency can 
track how client companies perform within 
their industries or forecast individual prod- 


uct demand. 
ELECTRONIC MAIL 


A major revolution for the automated 
office is electronic mail. The familiar postal 
system requires that messages written on 
paper be transmitted physically from writer 
to receiver. With electronic mail, messages 
are changed into electronic signals, trans- 
mitted anywhere in the world, and then 
changed back into the original written 
form, all in several seconds or minutes at 
most. A 64-page document can be transmit- 
ted from California to West Germany in 
eight minutes. 

Electronic mail is still expensive, for it 
must compete for transmission space on 
satellite, telephone, and cable links with 
television, voice, and computer-data tele- 
communications. But plans for additional 
satellite communication should assist in the 
spread of electronic mail. 

Sending a single document to a single 
individual is a major use of electronic mail. 
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Through the use of multiple video screens 
in company offices, a single document can 
also be transmitted to hundreds of people 
in perhaps dozens of branch offices at the 
same time. Thus, electronic mail, along 
with databases, can be an important asset 
in teleconferencing. It may also reduce 
telephone activity and the volume of inter- 
office memos, 

Electronic mail works through the of- 
fice computer. A “send” key on a proces- 
sor terminal may send the letter—in digital 
form—to people at other divisions. The 
computerized equivalent of the Office tele- 
phone switchboard, called a private auto- 
matic branch exchange (PABX), may 
ensure that the letter is delivered to the 
proper location. Hundreds of PABXs have 
been installed all over the world in compa- 
nies requiring electronic mail. A second 
method of transmission has been developed 
that requires a Passive coaxial cable con- 
necting electronic office equipment. Such 
Systems throughout the country will then 
have individual digital addresses, 

Another form of electronic mail em- 
ploys an electronic “mailbox” attached to 
a telephone. Messages are stored and deliv- 
ered to a recipient, in text form, eliminating 
wasted time on the telephone. Such 
“mailed’’ electronic messages are of great 
value, since in many offices three out of 
every four telephone calls may go uncom- 
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This version of lectronic 
desk provides s to an 
array of files ar ystems, It 
also permits rep tion of the 
images that hav n created 
on the display sc 
Stee 
pleted on the first attempt. Wit! ctronic 
mail, two-way conversation i essen- 


tial. 
WORD PROCESSING AND COMPUTERS 


Important in itself but essentia! to elec- 
tronic mail is word processing ping to 
make an office part of a busine twork. 
A word processor is a microcomputer with 
a keyboard and a telescreen. An entire page 
of a letter can be displayed on t screen, 
and corrections can be incorporated into it 
without retyping the entire letter 

Word processors in an office can be 
connected, so that if, for example, an ex- 
ecutive is writing a letter or memo or 


lengthy report and wishes the comments of 
others, all involved can view the document 
On their individual screens. Changes can be 
incorporated into a single letter from var- 
ious word-processing computers With a 
word processor, a writer can shift para- 
graph structure, insert or delete sentences, 
and correct grammar and spelling. The 
writer can also evaluate comments that 
have been sent from other contributors and 
stored separately, f 
Office word processors are also being 
used to develop spreadsheets. These a 
budgets, financial analyses, and statistical 
data. Here again, an individual composing 
a spreadsheet could receive assistance 
from other employees through their own 


word processors. These cooperatively con- 
structed and evaluated spreadsheets can be 


distributed 10 branch offices via electronic 
mail. 

The word processor can assist with 
simple letters or with lengthy contracts of 


complex legal documents. One can write, 


make ci es, and print with a word pro- 
cessor. !* linked to an electronic mail sys- 
tem, th finished product can be 
transmitt o terminals anywhere in the 
world. A» advantage of the word processor 
is the con `e the machine’s text-editing 
capabiliti« m to instill in its users. Ad- 
ditionally. instead of waiting days for a re- 
sponse to a business letter, the answer may 
be recei iimost immediately with com- 
municating word processors. 
THE ELECTRONIC DESK 

Many of the functions performed by 
the systems described can be integrated 
more fully in the office system referred to 
as the “electronic desk.” This personal 
work station includes a large monitor 
screen, a keyboard, and a device for posi- 
tioning ¢ iter on the screen. There may 
also be such supporting equipment as a 
communications connection linking the 
desk to the entire office system. A printer, 


specialized files, and storage units enhance 
the station’s capabilities. 

The system can serve the professional 
or the general office worker, going beyond 
the already standard word-processing or 
text-editing functions by allowing access to 
central files, remote files, other work sta- 
tions, and a network of subsystems. 

By moving the pointer on the monitor, 
the worker can select and examine incom- 
ing messages or reports on the screen, re- 
view and update files, prepare notes or 
entire documents complete with charts and 
diagrams, and even dispose of unwanted 
material in an electronic “‘wastebasket.”” 
Other workers can be involved to assist at 
any point, and finished work can be auto- 
matically stored or distributed instantly. 


PROBLEMS OF AUTOMATION 


The automated office clearly has ad- 
vantages in terms of efficiency, but disad- 


vantages exist as well. Often office person- 
nel are resistant to new equipment, partic- 
ularly if it poses the threat of changing jobs. 
Sometimes office management itself fails to 
understand the new equipment and may be 
suspicious. 

Another problem concerns excessive 
automation. Time saving and increased ef- 
ficiency may result in the loss of interper- 
sonal relationships, trading of ideas, and 
creativity. Employees using personal com- 
puters at home rather than in the office can 
feel isolated. 

A particularly irksome development 
with computers has been the problem of 
evaluating and selecting from among the 
vast array of machines and software, or 
programs, available. Equipment may prove 
unsuited to its intended use. Some pro- 
grams are not checked carefully and allow 
users to make mistakes. Sometimes the 
program is difficult to use, so that using a 
manual system might have been vastly eas- 
ier. Office workers also complain about 
programs not being interchangeable for 
varied machines. Clearly, room for im- 
provement exists in the automated office. 

A serious problem for automated of- 
fices is that of potential unemployment. 
One study suggests that in the major indus- 
trialized nations, four of every 10 office 
jobs could be standardized and 25 to 30 
percent could be automated. A more opti- 
mistic view is that computer technology 
creates even more jobs than it destroys. 
The controversy will continue for some 
time. 

Technology in the office has its critics, 
but it also seems to have many enthusiasts. 
A key factor in the future of automated of- 
fices may be management's acceptance of 
automation and its willingness to try new 
and complex machines. The ability of man- 
agers to make decisions at a rate propor- 
tionate to that of the computer may be 
crucial. With more and better information 
at his or her fingertips—accessible at the 
touch of a button—a manager will no longer 
be able to delay making a decision for want 
of more information. The manager who can 
adjust to this “‘real-time” environment will 
survive; others will have problems. 
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THE PHOTOELECTRIC CEI! 


Since light is a form of energy, it is not 
surprising that scientists have transformed 
it into electricity, which is another form of 
energy. This is brought about by the photo- 
electric cell, popularly called the “electric 
eye.” It may be defined as a device for mak- 
ing use of electrical phenomena brought 
about by light radiation, or in some cases by 
invisible ultraviolet radiation. The photo- 
electric cell has made television and talking 
pictures possible. It has been used to 
measure light, to open doors without the 
agency of a human hand, to inspect manu- 
factured articles, and so on. 

The principles underlying the opera- 
tion of the photoelectric cell have been 
known to scientists for many years. The 
French physicist Alexandre-Edmond Bec- 
querel was probably the first to note that 
the presence or absence of light produced 
an electrical effect. He had been experi- 
menting in 1839 with glass-enclosed 
primary batteries, or those that have elec- 
trodes immersed in liquid. He noticed that 
the voltage of his batteries increased as the 
light falling upon them increased in inten- 
sity, and that green light provided the 
highest voltage. Becquerel also made the 
important observation that the increase in 
voltage was proportional to the intensity of 
the light falling on the batteries. For a long 
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time, the phenomenon discovere:. by Bec- 
querel remained a scientific cu y. 
Following a somewhat difrent ap- 
proach, Willoughby Smith di ered in 
1873 that the resistance offere« he flow 
of an electric current by the c! cal ele- 
ment selenium varied accordir the in- 
tensity of the light falling upon lis dis- 
covery led to a long series of iny gations 
of selenium and other metals t} ere af- 
fected in the same way. This br it about 
the development of the phos luctive 
cell, described later in this arti 
In 1888, Wilhelm Hallwa Ger- 
man physicist, discovered a f mental 
Photoelectric effect. He charged lished 
zinc sphere with negative ele ty and 
subjected it to ultraviolet radia’ on. The 
zinc ball soon lost its negative c ze. The 
loss did not take place when s was 
placed between the ultraviole diation 
and the zinc ball. There was also oss of 
electrical charge when the zinc was posi- 
tively charged. Hallwachs correcily con- 
cluded from these results that when ultravi- 
olet light fell upon the zinc ball, tne latter 
A photoelectric effect, or photoemissior photons 
of a light source strike a photoemissive j and im- 
part energy to some of its electrons. The ergy may 
lift the electrons through the solid and surface. 
© ELECTRONS 
-9 
KI ———— 0O 
PHOTOELECTRIC 
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lost “negative electricity.” This phenome- 
non is known as the Hallwachs effect. The 
Russian physicist Aleksandr Stoleto made 
afurther .Jvance by collecting the electric- 
ity lost by the zinc ball. 

In years that followed, the German 
physicists Julius Elster and Hans Geitel 
constructed cells that made use of the 


metals im and potassium and other 
alkali m.ials. They showed that these 
metals sensitive to visible light as well 
as to ully- violet. These cells of Elster and 
Geitel v the direct ancestors of the pho- 


toemiss vpe of photoelectric cell. 
Ano ner great step forward was taken 


when th: German physicist Philipp Eduard 
Lenard a^: the British physicist J. J. Thom- 
son proved that the loss of “negative elec- 


tricity’ served by Hallwachs was due to 


the emiss >n of electrons by the illuminated 
body. In er words the carrier of the pho- 
toelectric current was the electron. 
THE PHOTOELECTRIC EFFECT 
It was not until the early 1900s that 
some understanding was obtained of why 
light may stimulate an electric current in 
some materials. The theories of German 
PHOTOEMISSIVE CELL 
ELECTRONS Left: a photoemi 
N cathode of the c 
the anode, which is positive, and 
cathode. 
— — PHOTOTUBE 
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CATHODE 
LIGHT 
SOURCE 
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physicist Max Planck and German- 
American physicist Albert Einstein and 
later work by other investigators have 
given us the following picture of the photo- 
electric phenomenon—in this case, pho- 
toemission, or the discharge of electrons 
into space frorn a mass of matter under the 
influence of light. 

In this situation, a beam of light is 
thought to consist of a wavelike motion of 
small bundles or packets of energy known 
as quanta or photons. When a photon of 
given energy strikes the surface of, say, a 
photoemissive solid, it imparts its energy to 
an electron, which is part of the substance 
of the solid (along with many other elec- 
trons). This burst of energy may be suf- 
ficient to lift the electron through the solid 
and off its surface into the surrounding 
space or medium. If enough photons can hit 
enough electrons with enough energy, a 
flow of electrons from the surface of the 
solid is initiated. These electrons can be at- 
tracted by a positively charged electrode, 
called a collector, so that an electric current 
in a circuit is set up. 

It has been found that the more intense 
the light, the greater the quantity of elec- 
trons released from a body’s surface, up to 
a certain limit. But this occurs only with 
light of a certain range in frequencies or 


ssive cell. When light strikes the electron-emitting substance on the 
ell, electrons are emitted. Negatively charged, they are attracted to 


they continue around the circuit back to the 


Below: applying the photoemissive ef- 
fect to a movie sound track. Variations in 
sound had been previously recorded on 
the film, in terms of lighter or darker 
areas or of varying width. When the film 
is run off, as here, a phototube converts 
variations in the film into varying electric 
pulses. These are amplified and then 
converted into sound. 
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wavelengths, Light of low frequency, which 
has corresponding low energy. very seldom 
causes photoemission in most materials. 
This is the case with the red and infrared 
portions of the spectrum. (The metal ce- 
sium, however, responds to red light.) With 
light of high frequency, with corresponding 
high energy, photoemission takes place 
even if the light is dim, although the result- 
ing current is very weak. This is particu- 
larly true of the green, blue, violet, and ul- 
traviolet wavelengths, to which many sub- 
stances react photoelectrically. 

Substances that are capable of pho- 
toemission show surprisingly similar prop- 
erties in this respect. They differ primarily 
in their photoelectric threshold—the fre- 
quency of light at which they begin to 
emit electrons. The electrons that are emit- 
ted under the impact of photons are often 
called photoelectrons, although they do not 
differ at all in their properties from elec- 
trons that are released by other means. In 
Most cases, photoelectrons come from the 
outermost shells of the atoms involved, 
Many individuals played important Parts in 
the development of photoelectric theory 
and devices, Lack of space makes it impos- 
sible to mention them here, 


TYPES OF PHOTOELECTRIC CELLS 


There are three principal types of pho- 
toelectric cells, 
_ () Phototubes, or Photoemissive cells, 
in which electrons are emitted by one of the 
electrodes in a tube when the cell is ex- 
Posed to light radiation, 
__ (2) Photoconductive cells, in which 
light causes a change in resistance to the 
Passage of electric current, 

_G) Photovoltaic cells, or phototrons, in 
which the action of light produces an elec- 
tromotive force, or voltage, without the 
need for any external source of electrical 
power for the cell, 

_ There is considerable variation in the 
design, characteristics, and use of these 
three main kinds of Photoelectric cells. Al- 
though their applications 
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PHOTOTUBES 

One type of phototube ¢ sts of a 
glass tube, either highly evacu (that is, 
with a high vacuum) or else filled vith some 
inert gas, such as argon, at loù pressure. 
The electron-emitting substan enerally 
a compound of cesium or pot: n, is de- 


posited in a thin layer on a ha inder of 


silver or other metal within t! be. The 
coating represents the cathode jegative 
electrode, of the cell. A connec! is made 
between the cathode and one o cell ter- 
minals. As light falls upon the ng—the 
cathode—it emits electrons 
The cell also contains ar ode, or 
positive electrode, which cons fa wire 
extending along the axis of thi nder, It 
is maintained at a positive pot: vith re- 
spect to the cathode by mean: n exter- 
‘nal battery. The negatively ci d elec- 
trons emitted by the cathode ar: attracted 
to the anode and continue aro! he bat- 
tery circuit back to the cathode tence the 
phototube functions as an electric valve. It 
causes the current output to f late ac- 
cording to the amount of light fs! ing upon 
it. If the light beam is shut of gether, 
the circuit is broken, In this case. the pho- 
totube represents an open switch in the cir- 
cuit. The “switch” is closed en light 


again falls on the cathode. 

In another type of photoiube, the 
cathode consists of a semitransparent layer 
of the photoemissive substance applied to 
the envelope, or window, of the tube. A 
part of the layer is deposited on another 
layer of a metal that provides the necessary 
electrical contact. When light falls upon the 
Surface of the layer in contact with the 
envelope of the tube, electrons are emitted 
from the inner surface of the layer. F 

The current output of a photoelectric 
tube is extremely small. Hence it is pro- 
vided with suitable amplifiers and relays. A 
gas-filled phototube generates a larger cur- 
rent than a vacuum phototube because of 
the ionization of the gas by the photoelec- 
trons when light hits the tube. However, it 
is slower to respond to changes in light in- 
tensity than a vacuum phototube. of 
Course, the amount of electrons produced is 
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A battery-of j photoelectric 

smoke dé This device, 

which can nted on a wall 

or ceiling en on all four 

sides. Whe j tor “sees” 

smoke—tt when the light 

entering it en slightly ob- 

scured—i! an alarm | 
not sim) roportional to the amount of 
light ent the gas tube. Despite its less- 
er elect: utput, the vacuum phototube 
must be where quick response to small 
light fluc ions is necessary, as in many 
kinds of ntific instruments. 


Phe bes have a great variety of 


applicatio They serve as sensing ele- 
ments in ecting and measuring light and 
other forms of radiation. They are used in 
light-cont: relay circuits. In these, 
variations in the intensity of light falling on 


the cathode brings about current variations. 
_ _ The phototube plays an important part 
in sound movies. Variations in sound are 
recorded in terms of darker or lighter areas 
in the film or of varying width of the ex- 
Posed areas. When the film is run off in a 
Movie house, a phototube converts varia- 
tions in the film into varying electric pulses. 
Amplified, they are converted into sound. 
The Phototube plays an important role in 
television and in facsimile transmission. 

_ In certain applications, a beam of light 
Is kept focused upon a phototube. Various 
devices are actuated when an object comes 
between the light beam and the phototube, 
thus cutting off the light. This effect is used 
as a safety feature, preventing a machine 
Such as a press or cutting device from 
working when the operator comes 
dangerously close to it. It also serves to 
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open doors automatically. The door re- 
mains shut as long as the beam of light is 
uninterrupted. When a person stepping in 
front of the door interrupts the beam, the 
door swings open. 

The current output of cells of the pho- 
toemissive type can be amplified many 
times in the phototubes known as pho- 
tomultiplier tubes. These are provided with 
two or more anodes, called dynodes, which 
emit secondary electrons when struck by 
the primary electrons emitted by the cath- 
ode in response to light. As electrons 
bounce off from one dynode to another, 
more and more electrons are emitted. Cer- 
tain photomultiplier tubes have more than 
ten dynodes and amplify a current 1,000 
million times. Photomultipliers are used 
where great sensitivity to light and fast re- 
sponse to light radiation are required. 


PHOTOCONDUCTIVE CELLS 


The photoconductive cell depends for 
its action upon the fact that the electrical 
resistance of certain substances varies with 
the intensity of the light that strikes them. 
Resistance usually drops as light intensity 
rises. A great many different substances 
display this property. including selenium, 
boron, germanium, silicon, and various 
compounds. In a photoconductive cell, a 
thin metal film is deposited on an insulator 
plate. The film is divided into strips with a 
thin dividing line between them. Alternate 
strips are connected. A thin layer of the 
photoconductive substance is deposited 
over the metal film. It forms a bridge across 
the dividing line between the strips. The as- 
sembly is enclosed in an evacuated glass 
tube. and the connections are brought out 
to terminal prongs attached to the base. 

Photoconductive cells play an impor- 
tant part in television. They are used in 
photographic exposure meters when more 
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When light photons strike the boundary between two 
types of material in a Photovoltaic cell, the result is 
an electric current. The strength of the current is 
measured by a galvanometer, thus indicating the in- 
tensity of the light. 


Sensitivity or power is required. They are 
used with batteries. The Photoconductive 
cells are made of cadmium sulfide or cad- 
mium selenide. Photoconductive cells are 
also employed in high-speed recording 
Spectroscopy and in the detection of infra- 
red radiation. 


PHOTOVOLTAIC CELLS 


Both photoemissive and photoconduc- 
tive cells require an external source of volt- 
age before any current flow can take Place. 
This is not a requirement in the Photovol- 
taic, or Phototronic, type of cell, because an 
electromotive force is generated within the 
cell itself when it is exposed to light. This 


force is used in a variety of different ways, 
as we shall see, 
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All of the early cells of this type were 
wet cells. They consisted of t» lectrodes 
immersed in an electrolyte, onducting 
solution. In a typical wet cell ` cathode, 
or negative electrode, wa copper, 
coated with a copper oxide. The anode, or 
positive electrode, was of le soth elec- 
trodes were dipped in a solut f lead ni- 
trate. Light falling on the cath roduced 
an electric current between t! hode and 
anode. The strength of the ent was 
measured by a galvanometer 

The modern photovoltai |l gener- 
ates electricity when light f: ipon the 
junction, called a barrier la between 
two different types of semic ictors. In 
one type, the n-type, conduc s due to 
electrons, each of which repr: s a nega- 
tive charge of electricity—henco the name 


“n-type” (n = “negative”). | ie other 


type of semiconductor, the p conduc- 
tion is caused by so-called %0! gaps, in 
the crystalline structure of 1! naterial. 
Each hole, in the absence of egatively 
charged electron, is therefore « dered to 
represent a positive charge nce the 
name “p-type” (p = “positive lectrons 
and holes are considered to m« yr flow in 
the electric currents set up under the action 
of light. The solar cell is a photovoltaic cell. 


The photovoltaic cell has been used 
extensively to detect and measure the in- 
tensity of light in photographic exposure 
meters. It also serves in the relay systems 
used in automation. It is also finding more 
and more extensive use in the form of solar 
batteries, each made up of thousands of 
solar cells. In the earlier stage of their de 
velopment, solar batteries were used on a 
small scale to provide power for telephone 
amplifiers or repeaters. They have. howev- 
er, proved to be indispensable in the space 
program. To name but a few of the space- 
craft in which solar batteries have been Hi 
stalled, they are the Tiros weather satel- 
lites; the Communication Technology Sat- 
ellites (CTS); the Viking craft used to 
study Mars; and the Helios solar observe 
tion crafts. Solar batteries have been ma 
to charge nickel-cadmium batteries, whic 
in turn provide power for the electronic 
circuits of the space vehicles. 
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THE TELEGRAPH 


telegraph message—‘*What 


rought!”’—was sent from Wash- 


to Baltimore, Maryland, on 
|14. By 1848, people had be- 
astic about the new com- 
evice, and many new lines 
oday, telegraph lines form a 
iding through all the civilized 
vorid. 


the fact that electricity could 
| through a wire of consider- 
ad been demonstrated in the 
h century, it did not occur to 
this finding furnished a means 
| transmission of signals. The 
stion that electricity could be 
way appeared in an anonymous 
Scot's Magazine in 1753. It is 
ive been written by a Scots 
iarles Morrison. 
son’s method, as in other early 
re were as many wires as there 


were letters to be transmitted. By charging 
the wires successively, bits of paper could 
be attracted to the other ends of the wires 
and they would signify letters. In this way. 
messages could be sent over a few kilome- 
ters at a considerable speed. 


THE DEVELOPMENT OF THE MODERN 
TELEGRAPH 


The development of the modern tele- 
graph required many years of discovery 
and invention. It was first necessary to 
provide better insulators for the conduc- 
tors—the wires—so that high currents of 
electricity could be carried with little or no 
leakage. More important still was the in- 
vention of a source of electricity that 
would send a steady current through the 
wires. 

In the early part of the nineteenth cen- 
tury a number of inventors suggested the 
use of electric telegraphic systems that 
required only two connecting wires. This 
was an improvement over the old system. 


j Morse, inventor of the telegraph. Right: replica of Morse's first tele- 
his instrument weighed about 80 kilograms. The modern telegraph 


bout one-half kilogram 


Western Union 
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The Danish physicist Hans Oersted’s 
discovery of electromagnetism in 1820 was 
a culminating episode in the development 
of the electric telegraph. It was well known 
that varying impulses could be sent over a 
wire for a considerable distance. but no sat- 
isfactory way had been found to recognize 
the pulses at the receiving end of the wire. 

Oersted discovered that an electric 
current flowing through a wire set up a mag- 
netic field that would deflect a needle 
placed near the wire. The needle would 
align itself with the field, Andre-Marie Am- 
pere, the French mathematician and 
physicist, suggested that the deflection ofa 
magnetic needle should be used for the 
reception of electric signals. However, a 
practical needle telegraph system was not 
devised until 1837, by the British physicists 
Wheatstone and Cook. 


MORSE'S TELEGRAPH 


It would appear that the invention of 
the modern telegraph by Samuel F.B. 
Morse in 1837 resulted, in part at least, 
from a chance conversation between Morse 
and Dr. Charles T. Jackson aboard ship on 
a voyage in 1832. 

Morse succeeded in constructing an 
electric telegraph that was better than any 
other devised up to that time. His first tele- 
graph line was constructed under an appro- 
priation of the U.S. Congress between Bal- 
timore, Maryland, and Washington, D.C.. in 
1844. The basic principles of Morse’s first 
telegraph were used in all telegraphic de- 


of iron, originally held away from the elec- 


CODED SIGNALS 


In Morse’s first tele 
graph, a pen wa 
attached to the end of the iron stip: As the 
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strip moved to and from the el »magnet, 
the pen alternately made co; with a 
moving ribbon of paper and br off con- 
tact. The result was a series of ght lines 
on the paper. Their length was termined 
by the length of time that the smitting 
key was held down. Short lines resented 
dots and longer lines dashes ling the 
Morse code. 

Later, operators became s xpert in 
receiving messages by sound t} he print- 
ing method was abandoned. T! sceiving 
device was then used as a s ler. The 
dots and dashes of the Morse c vere re- 
tained. This code is still in use. ugh toa 
limited extent, in the United tes and 
Canada. A rather similar code lled the 
Continental code, is used in other countries 
for hand-operated devices, as ! as for 
ocean-cable and radio telegrap| 

In his early machines. \ noted 
that the current was much w at the 
receiving end than at the se g end, 
because of current leakage anı resis- 
tance of the wire. To overcome this serious 
difficulty, the inventor set rela) repeat- 
ers, in the telegraph line at intervals. A 


relay consisted of an electromagnet which, 
as it attracted a strip of iron, connected a 
fresh battery with the next section of the 
line. Messages could now be sent with no 
appreciable loss in current strength 

Hand-operated devices, using trans- 
mitting keys and sounders and sending out 
their messages in code, have been gradually 
replaced by automatic equipment, They are 
still found in limited numbers at some 
railroad telegraph offices. Manual methods 
of operation require that the person trans- 
mitting read the message and actuate a tele- 
graph key to convert each letter into a code 
group of short and long pulses, or dots and 
dashes. The receiving operator must listen 
to the code groups, translate them into let- 
ters and typewrite the letters onto the mes- 
Sage blank to be delivered. Errors are possl- 
ble at each of these stages. The use of 
automatic equipment reduces greatly the 
chance of human error, Manual telegraphy 
began to be replaced by printing telegraphy 
before 1915 and by facsimile telegraphy in 
the early 1930s. 


3am of a manually operated telegraph circuit. When the sending key is 


Simple di 

pressed «9. it closes an electric circuit and energizes an electromagnet. This at- 
tracts the inder, which clicks as it is pulled down, As current passes through the 
Circuit to U sctromagnet at the other end, this magnet is also energized and the 
sounder #) || end is also pulled down. When the sending key is released, the cur- 
rent is br The electromagnet is no longer energized and the sounder is 
released. maing another clicking sound. A corresponding click is made at the other 
end of the in this way a pattern of clicks is transmitted, and it is arranged to form 
a code, A icang key represents a dash. A short contact is a dot. 


THE TELE SYPEWRITER 


' In automatic transmission by the 
Printing method, a device called a teletype- 
writer, is used. It looks like a typewriter 
with three rows of keys. As each key is 
pushed down in turn, it punches a certain 
number of holes, forming a distinctive pat- 
tern, in a narrow paper tape passing 
through the machine. The tape is then 
Passed into a transmitting machine. Some- 
times the tape passes directly into the trans- 
mitter from the teletypewriter. Sometimes 
the operators feed it in at their convenience 
when a certain number of messages are to 
be sent. 

Little pins in the transmitting machine 
Press lightly against the tape paper. As the 
Pins come to the holes in the tape, they 
Move down into them just enough to 
Operate small electric switches. The 
Switches cause current impulses to be 
transmitted over the telegraph wire. The 


impulse pattern corresponds to the arrange- 
ment of the holes in the tape. The impulses 
operate an automatic typewriter, called a 
teleprinter, at the receiving end of the line. 
The messages appear in capital letters on 
long strips of paper, which are then cut and 
pasted on telegraph blanks. 

In preparing a message, the operator 
types a routing symbol at the beginning of 
each telegram. After the operator has typed 
the message on the perforated tape, it 
passes through an automatic transmitter. 
The coded symbol prompts a computer at 
the high-speed message center to route the 
message to its destination area. Here the 
automatic teleprinter receives the message 
and typewrites it. 

Many industrial firms and public agen- 
cies use some form of teletypewriter or 
teleprinter exchange service, such as West- 
ern Union Telex. Each Telex subscriber is 
provided with a teleprinter, an associated 
dial unit. and a nationwide and international 
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USIA 


Teletype room at the U.S Information Agency's Wash- 
ington office. The teletypewriter uses automatic trans- 
mission by the printing method. 


directory of other subscribers with their 
Telex numbers. A subscriber can get in 
touch with another subscriber by dialing his 
number. The connection is completed auto- 
matically in many parts of the world, 

Facsimile transmission plays an im- 
portant part today in telegraphy. Facsimile 
transmission machines, based on the photo- 
electric cell, can send and receive pictures 
of telegrams automatically, 


MULTIPLEX SYSTEMS 


In the original Morse system, only one 
message could be sent at a time over a wire 
in either direction. Since even a skilled op- 
erator can tap out at most only about thirty 
words a minute, telegraph transmission 
often could not keep pace with the great 
number of messages to be transmitted. 
More than one message can now be sent 
over the same wire at the same time 
through the use of multiplex systems. 

In the time-division multiplex system, 
the transmission path is divided among sev- 
eral transmitting and receiving devices. 
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Frequency-division mu is based 
on the generation of electri: es of dif- 
ferent frequencies and on the ity of the 
receiving set to select desired 
frequency and to reject all « Through 
this method, hundreds of me 35 can be 
sent simultaneously over a pair of 
wires. The electrical properti the wires 
may be improved by shapin; vire into 
a tube and running the oth: through 
the center of the tube. Th cture is 
known as a coaxial cable be: the two 
conductors have a common 

Microwave radio beam ks rep- 
resent an important advance i legraphic 
communication. The first con cial net- 
work of this type was installe Vestern 
Union in 1945 between Ne rk and 
Philadelphia. A transcontin micro- 
wave network now exists. Radio towers 
about 50 kilometers apart art tituted 
for the familiar pole lines \ntennas 
equipped with parabolic reflec ransmit 


radio-telegraph signals in a narrow beam 


from tower to tower, Unattend peater 
stations automatically and instant ineously 
send the radio-telegraph signals on their 


way. Thousands of messages can be sent 
out at the same time. 

Telegraphic systems are being used on 
an ever-increasing scale in combination 
with electronic digital computers. The mes- 
sages are in the “language” of the electronic 
computer—that is, extremely brief pulses 
sent with great rapidity. Input information 
is usually presented to the machines as 
punched tape and the Output appears as 
typed tape. The punched tape can be made 
to operate a transmitter at one end of the 
telegraph line, the other end being con- 
nected to a central electronic data-process- 
ing device. In this way, information from 
electronic computers in widely separated 
areas can be transferred to the central 
device in a form it can use immediately. 

The modern telegraph company even 
Provides for voice or record commun- 
ication. Thus, in a recently established 
service called broadband switching, West- 
ern Union offers customer-to-customer 
connections for voice, data, facsimile. and 
other types of communication. 


Western Union 
In multiplex systems that use computers, messages 


are sent and rece j with great speed, This machine 
Can give customer-to-customer service. 


SUBMARINE CABLES 


The transmission of telegraph mes- 
Sages by submarine cable involves special 
difficulties. The laying of a cable is a time- 
consuming and expensive task. The interior 
copper wire must be perfectly insulated 
from the surrounding salt water. The cable 
must be strong enough to resist the action 
of underwater currents. It must also be pro- 
tected from damage. 

The credit for the laying of the first 
transatlantic cable is due primarily to U.S. 
businessman Cyrus W. Field and Canadi- 
an inventor Frederick N. Gisborne, who 
had had considerable experience in laying 
deep-sea cables. As a result of his meeting 
with Gisborne, Field became interested in 
the idea of a transatlantic cable. In 1856, 
he organized the Atlantic Telegraph Com- 
Pany, supported almost entirely by British 
Capital. 

Using two ships, he first attempted to 
lay a cable between Ireland and New- 


foundland in 1857. The cable parted 540 
kilometers from the Irish coast and was 
abandoned. In 1858, a second attempt also 
failed. Later in the year, however, a third 
attempt succeeded. The first message was 
sent from Newfoundland to Ireland on 
August 7, 1858. The cable ruptured less 
than a month later and was abandoned. 

Another cable, laid in 1865, broke at a 
distance of 1,900 kilometers from Ireland. 
The next year a new cable was laid success- 
fully, and the cable abandoned in 1865 was 
picked up and completed. Today the 
various parts of the world are connected 
by well over a thousand submarine cables 
totaling hundreds of thousands of kilome- 
ters in length. 

The feeble nature of the signals sent 
through a long cable necessitated the inven- 
tion of more sensitive receiving equipment. 
The siphon recorder developed by William 
Thomson (later Lord Kelvin) in 1867 
solved the problem of sensitivity and was 
used for many years. The instrument con- 
sisted of a light coil of fine insulated wire, 
suspended between the poles of a powerful 
magnet. Current from a cable was sent 
through this coil. It represented a dot, in the 
Continental code, when sent in one direc- 
tion; a dash, when sent in the other. When 
current from the cable passed through the 
coil, it twisted one way or the other, 
depending upon the direction of the cur- 
rent, A thread attached to one part of the 
coil pulled a glass tube containing ink 
across a moving paper tape; thus it pro- 
duced an undulating line, representing 
changes in cable current. 

The coaxial cable has been adapted to 
submarine use. In conjunction with amplifi- 
ers acting as relays, it provides hundreds of 
telegraph channels and dozens of telephone 
channels. A cable of this type has been laid 
across the Atlantic. It contains dozens of 
amplifiers, inserted in the cable at regular 
intervals. They are built into cylindrical 
housings slightly larger than the cable itself 
and submerged as part of it. Power for the 
amplifiers is carried over the cable with the 
signals. The amplifiers are designed and 
carefully built to give many years of life 
before being replaced. 
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“TIl give you a call tonight.” 

You must have heard that statement a 
countless number of times. But did you 
ever think about what happens when you 
pick up the receiver and dial a number? 
Probably not, because the telephone has 


DIAPHRAGM 


ELECTROMAGNET 
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become such a common fixtur: ur envi- 
ronment that we take it for gra Most of 
us make several calls a day many of 
us use the telephone as a busi ool. We 
accept the telephone as it is anı what it 
is—a necessary “convenience iut, from 
the day it was born, the teleph has been 
growing and changing to people’s 
changing needs. 
THE FIRST TELEPHONE 

The first practical telep! esulted 
from a series of experiments i sraphy. 
In 1873, Alexander Graham | profes- 
sor of vocal physiology at Bo niver- 
sity, became interested in the study of mul- 
tiple telegraphy. He conceived the idea of 
what he called a harmonic raph, a 
device capable of sending several mes- 
sages over a single wire simultaneously by 
means of several pairs of steel springs. 

If a telegraph key were closed at the 


transmitting end, a spring at that end would 
be attracted by the electromagnet of the 
transmitter. The spring would be so at- 
tached that as it made contact with the elec- 
tromagnet, it would cause the circuit to be 
broken. The spring would then return to its 
original position. As it did so, the circuit 
would again be closed and the spring would 
again be attracted to the electromagnet. AS 
the current would be alternately opened 
and closed in this way, the spring would 


Top: telephone transmitter. The modern transmitter 
has a chamber filled with carbon granules set in back 
of a diaphragm. Electric current passes through this 
carbon chamber and the connecting wire. The human 
voice Causes the diaphragm to move back and forth. 
As it does so, the carbon grains become alternately 
more and then less loosely packed. This brings about 
Corresponding changes in Strength in the current trav- 
eling to the receiver. Bottom the telephone receiver. 
In the receiver, an electromagnet is arranged so that it 
attracts a thin iron diaphragm. Depending on the 
Strength of the current reaching the receiver, the dia- 
Phragm will be attracted more or less strongly. The 
vibration of the diaphragm causes the surrounding air 
to vibrate, thus transmitting the sound 


vibrate continuously at its natural 
frequency. It would do so as longas the key 
would be held down. The current in the 
telegraph line would pulsate at the same 
frequency as the vibrating spring, since it 
would be turned on and off and on again as 
the spring vibrated. 

Another spring would be set at the 
receiver at the other end of the line. It 
would be attracted to the electromagnet of 
the receiver as current flowed through; it 
would spring back as the circuit was broken 
and would again be attracted to the elec- 
tromagnet as the circuit was closed again. 
The two springs would vibrate in unison at 
opposite ends of the telegraph line. 

Bell believed that a number of these 
spring units could be connected to the ends 
of a single telegraph line and that several 
messages could be sent at the same time if 
each pair of springs were tuned to a dif- 
ferent frequency of vibration. He built sev- 
eral models of the harmonic telegraph, but 
he was never able to make any of these 
models work satisfactorily. 

While these experiments were going 
on, Bell had suggested the possibility of 
transmitting speech electrically. On the af- 
ternoon of June 2, 1875, Bell's assistant, 
Thomas A. Watson, was working on the 
transmitting spring of a short-line telegraph, 
while Bell was adjusting the springs at the 
receiving end. One of the transmitting 
springs had stopped vibrating. Watson kept 
plucking it to get it started again. Suddenly 
Bell rushed into the room and cried: “What 
did you do then?” Bell had heard the sound 
made by the plucked spring at the receiving 
end of the line. 

This is what had happened. The make- 
and-break points of the transmitting spring 
had become welded together. When Wat- 
son snapped the spring, the circuit had 
remained unbroken. As the spring. of mag- 
Netized steel, vibrated over the pole of the 
Magnet, it generated a current of electricity 
that varied in intensity as the air varied in 
density near the spring. 3 

Bell realized the full significance of this 
unexpected development. He replaced the 
spring with a diaphragm that vibrated in ac- 
Cordance with the varying air pressure 


produced by a human voice. After experi- 
menting with various diaphragm shapes, he 
developed a transmitter and receiver that 
transmitted speech fairly well. The first 
telephone patent was issued on March 7, 
1876. It has been called the most valuable 
patent ever issued in any country. 


MANY IMPROVEMENTS 


Various improvements were made in 
the construction of the telephone. The most 
important one was the substitution of a per- 
manent magnet for the soft iron core that 
had formerly been used. Other alterations 
were made in the telephone, resulting in a 
much simpler and more compact in- 
strument. 

In about one century of telephone 
research, telephone engineers have over- 
come one by one the barriers to speech 
transmission. From the very beginning, the 
progress of the art has been marked by 
epoch-making advances due to inventions 
and improvements in apparatus and equip- 
ment. Some of the more notable achieve- 
ments have been as follows: 

(1) The development of the switch- 
board, without which no interconnecting 
group of telephones would be possible. 
This was the beginning of the telephone 
exchange. 

(2) The discovery of the process of 
hardening copper wire and its application to 
telephone circuits, thus improving trans- 
mission and making long-distance open- 
wire telephone circuits possible. 

(3) The use of coaxial cables, thus 
reducing the disturbance caused by ad- 
jacent power circuits or other telephone cir- 
cuits and greatly improving transmission. 

(4) Development of automatic switch- 
ing systems, opening the way for tremen- 
dous expansion in the fields of local and 
long-distance telephony. 

(5) Radio relay has developed as a sup- 
plement to wire communication until at 
present it provides millions of kilometers of 
telephone circuits all over the United 
States. 

(6) Development of the transistor. The 
small size and low power requirements of 
this electronic device opened the way for 
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AT.& T. Co. 


The cableship Long Lines has laid many thousands 
of kilometers of undersea telephone cable, but 


more compact and efficient telephone sys- 
tems. 

_ (7) The transposition of telephone cir- 
cuits, thereby minimizing the interference 
of other telephone circuits and of electric 
light and power wires. 

(8) The development of the under- 
ground cable, making possible the removal 


(9) Improvement in the designs and 
methods of manufacture of cables for local 
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(10) The developm of magnetic 


alloys. Permalloy, a ma; alloy com- 
posed of approximately rcent nickel 
and 20 percent iron, ha © possible a 


reduction in the sizes of 
and a decrease in the c 


hone cables 
the loading 


coils required, and has | it about sav- 
ings in a great many ot pes of tele- 
phone apparatus. 

(11) Developments submarine 
cables, including the usce axial struc- 
tures and submerged repi capable of 
operating under deep-sea ; ires. 

(12) The use of micr s for signal 
transmission. 

(13) The developmen e laser and 
research in fiber optics. | f the laser 
include carrying messages optical fi- 
bers. Bundles of optical can carry 


many more messages th n conven- 


tional cables. A helium-ne ser, for ex- 
ample, pulsing millions times per 
second, can transmit many thousands of 


phone calls simultaneously over cable 
made of optical fibers. 

(14) The development ar 
use of communications satellites 


widespread 


Portable computer terminals can be used to com- 
municate with distant computers via regular tele- 
phone lines. Computer terminals can be used at 
home or anywhere there is a phone 


ELEPNUIVE 


MAKING LLS 


In tł irliest telephone systems, one 
person id call another only if the two 


phones directly connected by a sepa- 
rate Wil »wadays central offices permit 
calls to laced anywhere in the world 
with only one line leading from the subscri- 
ber’s ph o the office. A vast network of 
trunk li joins the exchanges in different 
cities a vuntries, spanning continents 
and oc 

Aut > Systems. Various types of au- 
tomatic hing equipment are used. The 
subscrit sins a dial or pushes a button 
on his | \one in accordance with the let- 
ters an res of the number desired. As 
the nui ; selected, a mechanism con- 
nected alternately opens and closes the 
circuit ain number of times. The elec- 
trical i əş are transmitted to dial appa- 
ratus i telephone central office. Push 
buttons generate signals that are inter- 
preted in the central office. 

Various types of dial equipment are in 
use. The most common type, called step- 


by found mostly in smaller loca- 
tions, where switching arrangements are 
fairly simple. When the user lifts the re- 


ceiver, equipment in the office connects his 
telephone line to a device called a selector 
switch. The caller hears a dial tone and 
begins dialing. Other selector switches ad- 
vance the call as each successive letter or 
figure is dialed. When the final number is 
dialed, the bell on the called telephone 
begins ringing. Step-by-step equipment was 
introduced in 1892; extensive use began 
about 1919. This equipment has been suc- 
ceeded by the faster, more efficient cross- 
bar system that was developed in the late 
1930's. 

_ In crossbar systems there are two 
kinds of apparatus: the control equipment 
and the switching network. The latter 
network sets up talking paths under the di- 
rection of the control equipment. 

On a call dialed through some types of 
crossbar equipment, connections are not 
set up until the complete number is dialed. 
On other types, the called office is selected 
after the first three digits are dialed. At that 
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The experimental commercial satellite Telstar |, 
able to retransmit 60 calls at once, facilitated the 
first coast-to-coast telephone calls via satellite. 


time the control apparatus in a split second 
determines the correct path the call must 
take to reach the desired telephone. Once 
the path has been determined, the equip- 
ment closes the appropriate switches and 
the call goes through instantaneously. 

If the call is to an out-of-town point, 
the control equipment places it on a circuit 
to the distant office. Control apparatus in 
that office sets up the appropriate circuits 
over which the call can be completed. 


LONG-DISTANCE LINES 


For many years after the invention of 
the telephone, speech transmission over 
lines more than a few hundred kilometers in 
length proved impossible. Even over 
shorter lines it was frequently difficult to 
transmit speech clearly. In ordinary speech 
we recognize syllables, words, or voices by 
the special blend of high and low frequen- 
cies in the sound waves the speaker pro- 
duces and by the order in which they follow 
one another. If this balance is altered, mak- 
ing some frequencies stronger and some 
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Comsot General Corp. 
One of the three Comstar communications satel- 
lites. Put into orbit to provide U.S. domestic ser- 
vice, each can relay 36,000 simultaneous telephone 
conversations. 


weaker (frequency distortion), or if the 
sequence is changed (delay distortion), the 
character of the voice is changed. Individ- 
ual words may become unintelligible, and 
even whole phrases may be quite difficult to 
understand. 

Frequency distortion was a major 
problem in long-distance transmission. As 
voice currents passed along a great stretch 
of wire, the higher frequencies were at- 
tenuated, or weakened, more rapidly than 
the lower ones. At the end of a long line, 
what the listener often heard was only an 
unrecognizable remnant of the original 
sound. 

The cause of this distortion was well 
known. Two insulated electric wires, lying 
very close to each other, behave somewhat 
like a capacitor. This capacitor is continu- 
ously being charged and discharged for 
each half-cycle of voice current transmit- 
ted. The charging current is drawn through 
the line wires. Because the line wires have 
resistance, a certain amount of heat is 
produced. Each time the capacitor is 
charged, the same amount of electricity 
is required. But the higher the frequency, 
the shorter the charging time and the 
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greater the current. that must to pro- 
vide the charge. The greater current, 
the more the heat loss produce the line 
wires. Thus the higher frequer are not 


transmitted as well as the low es. 


In 1900 a U.S. physicis ichael I. 
Pupin, managed to counteract pacitor 
effect by placing inductance in the 
lines at certain calculated in als. The 
voice frequencies were then ; ismitted 
about equally well, with alm distor- 
tion. Pupin’s idea, known as vading, 
was adopted by the telephon ipanies 
and increased the range of ti sion by 
three or four times. 

There were many othe: lems in 
long-distance transmission. ( loading 
had greatly extended the range ephone 
transmission, but still greater s were 
needed, and better voice trans ion was 


also required. 
REPEATERS 


Telegraph companies used mechanical 


repeater elements in their line restore 
the energy of signals. These were actually 
electromagnets. However, they were too 
sluggish and inefficient to reproduce the 
broad range of frequencies used in tele- 


phony. 

The problem was solved in the early 
1900’s. After years of experimentation, 
special equipment was finally developed for 
adapting the audion, or three-clectrode, 
electron tube for utilization as a telephone 
repeater. 

Here was a flexible instrument that 
would amplify the energy of electrical cur- 
rents while maintaining the original fre- 
quency patterns with remarkable fidelity. 
Energy for the tube could be drawn from 
any source of direct current. These tubes 
have been replaced by transistors. 

The development of an amplifier that 
would operate under deep-sea pressure for 
long periods of time without attention 
paved the way for the first deep-sea ocean 
telephone cable system. The system was 
laid across the Atlantic between North 
America and Europe in 1956. In later years 
additional telephone cables have been laid 
in other areas under the ocean. 


THE CARF ER SYSTEM 


In the carly 1900's, the message-carry- 
ing capac of long-distance lines was 
increased he use of phantom circuits, in 
which two pairs of wires are made to carry 
three cal’. simultaneously. Soon after, a 
system of multiplex telephony was devel- 
oped to pe nit simultaneous conversations 
to be concucted over a single pair of wires. 
This system, first introduced commercially 
in the U d States in 1918, is known as 
carrier tele y. It is based on the princi- 
ple of on that is used for radio 
broadc: 

Just as a sound wave may carry vibra- 
tions of \y different frequencies at the 
same ti so an electrical circuit may 
carry a co ex alternating current that is 
actually le up of many separate cur- 
rents, en having a different frequency 
from al est. 

In the carrier system, each of these dif- 
ferent currents is composed of two parts: 
the carri! and the message. The message, 
of course. is the voice current from some 
subscribe telephone transmitter. The 


carrier originates in an electronic oscillator. 
It is a current alternating at a particular 
high frequency, above the range of voice 
currents, 

_ In one arrangement, the voice current 
is combined with the carrier in a device 
known as a modulator. 

Voice currents from other phones can 
be transmitted on the same line, provided 
that each message is combined with a 
carrier of different frequency. Each fre- 
quency serves to identify the individual call 
it carries as it is transmitted together with 
others through a single cable. At the end of 
the line, a filtering device separates the 
calls according to the carrier frequencies 
and then sends each one of them along the 
proper route. 

_ Finally, before reaching the receiver 
at its destination, each telephone call goes 
through a demodulator, which suppresses 
the carrier frequency, leaving only the 
voice current. Carrier telephony has 
played a key role in the striking advances 
in long-distance communications. 


RELAY SYSTEMS 


Microwave radio relay systems are an 
important development in the field of 
carrier telephony. They supply a large 
number of telephone circuits for long-dis- 
tance calls and the broad-frequency bands 
needed to transmit television programs. 
Radio relay systems consist of relay towers 
located within line-of-sight distances from 
each other. Radio waves at frequencies of 
several thousand million hertz, called 
microwaves, are sent from one tower to 
the next, and so on. 

At each relay station the signals are 
amplified and sent on to the next. The 
microwave system provides as many as six 
or more broad-band communication chan- 
nels in each direction. A pair of these 
channels going in opposite directions can 
carry as many as several thousand conver- 
sations or two television programs. 

The first radio relay system was built 
in 1947 between New York and Boston. 
Since then these systems have provided 
millions of kilometers of telephone circuits, 
which is a substantial proportion of the na- 
tion’s long-distance circuits. 

In 1957 the Bell System put the coun- 
try’s first commercial over-the-horizon- 
microwave system in service. The over-the- 
horizon system differs from conventional 
microwave installations in that the signals 
do not follow a line-of-sight path. In a pro- 
cess called tropospheric scatter propaga- 
tion, a small fraction of the energy in the 
transmitted radio wave is deflected back to 
earth at points beyond the horizon. No in- 
termediate stations are needed. 

Communications satellites have added 
a new dimension to long-distance com- 
munications. Rows of microwave antennas 
receive signals from various stations and 
relay them back to earth. 

Optical transmission systems, such as 
laser and fiber optics, can also be adapted 
for telephone transmission. Their major ad- 
vantage is that they can carry many more 
simultaneous messages than any coaxial 
cable. There are many problems that must 
be worked out, however, before these sys- 
tems can be used commercially. 
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A late-night radio disc jockey acts as broadcaster, Program manager, and engi- 


neer for his own program. 
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by Robin Lanier 


One of the most enthralling stories in 
19th-century science is that of the discov- 
ery of electromagnetic radiations, which 
led to the development of radio and televi- 
sion, now so much parts of all our lives. 
These radiations can travel very long dis- 
tances through space. They include light 
and radio waves as two forms. The exis- 
tence of the family of radiations was first 
predicted by the Scottish physicist James 
Clerk Maxwell from his mathematical stud- 
ies of electric circuits in the 1860’s. In the 
late 1880's, seeking to find out if Maxwell’s 
prediction was correct, the German physi- 
cist Heinrich Hertz managed to create a 
radio wave and send it through space 
across his laboratory. Many other scien- 
tists and experimenters then began to work 
with radio waves. 

A high point in this early period came 
in 1901 when the Italian inventor Guglielmo 
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Marconi built very large equipment to pro- 
duce strong radio waves, and used the 
waves successfully to carry signals from 
England to Newfoundland, across the 
North Atlantic. Marconi’s dramatic proof 
of the long-distance carrying power of radio 
waves was hailed in newspapers around the 
world, and was the opening curtain for the 
age of radio. ; 

In addition to radio waves and light, 
the family of electromagnetic radiation in- 
cludes radiant heat, X rays, gamma rays, 
and cosmic rays. Each of the waves Vi- 
brates steadily as it travels through space. 
The number of vibrations per second, 
called the frequency of the radiation, is 
what distinguishes one member of the fam- 
ily from another. Radio waves have a group 
of frequencies lower than the others, ra- 
diant heat has the group next higher, visible 
light is next, and so on. 


it haracteristics of an alternating current. 

3 t builds up to a peak in the posi- 
t is gradually reduced again to 
and builds up to a peak in the 
), then falls back to zero again. 


zero. Next it re 
negative t 


‘yequency is changed, the way 
» performs changes, too. Radio 


waves al low end of their group of fre- 
quencies, or spectrum, can penetrate some 
solid substances, and tend to spread out in 


all directions from their source. But as the 


frequent y of radio waves is changed to 
bring them closer to the frequency of light, 
the radio waves begin to act more like light, 
traveling in straight lines and being blocked 


by most solid substances. 


As the frequency is increased on up 
the scale, the way the radiation behaves 
Italian inventor Guglielmo Marconi developed the 
Concept of using radio waves for communications. In 
1895 he conducted his first successful tests. 
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keeps changing, often in unexpected ways. 
X rays, as everyone knows, can go through 
almost all solid substances; the frequency 
of X rays is much higher than that of light. 


PRODUCING RADIO WAVES 


Radio waves are created and projected 
into space by sending strong alternating 
electric currents to large metal structures, 
called transmitting antennas, which are 
supported high in the air. It is as though the 
transmitting antenna were the nozzle of a 
hose spurting electric power in a stream 
into the air. If the alternations in the elec- 
tric current take place at a high enough 
rate, corresponding to one of the frequen- 
cies in the radio group, and if the antenna 
structure is correct, a large part of the 
power in the current will take off into space 
as a radio wave. 


ALTERNATING ELECTRIC CURRENTS 


All atoms have among their particles 
one or more electrons, which are the fun- 
damental units of electricity, each carrying 
a tiny amount of negative electric charge. 
Metals are good conductors of electricity 
because a fair number of their electrons are 
free to move inside the metal. If an electric 
pressure, or voltage, is applied at one end 
of a circuit, electrons will be forced to 
move around the circuit, and this motion is 
an electric current. The current can take 
power from one end of the circuit to the 
other. For example, the battery in a flash- 
light pushes electrons through the metal 
connections and through the bulb, which 
lights up from the power brought by the 
electron flow, or current. 

Electric currents used today are 
mainly of two forms, direct and alternating. 
Direct current flows around a circuit al- 
ways in the same direction. Alternating 
current goes first one way and then the 
other, reversing direction very rapidly. 

We can represent the characteristics of 
an alternating current by the diagram in 
Figure 1. From zero the current builds up 
to a peak in the positive direction. Then it 
is gradually reduced again to zero. Imme- 
diately upon reaching zero, the current re- 
verses and builds up to a peak in the 
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CURRENT REVERSES 


Figure 2: a simple oscillator circuit at work. The circuit consists of an inductance coil 
and a condenser linked together. (A) The condenser has received an electric 
charge. Plate a, with a surplus of electrons, is negative. Plate b, with an electron 
deficiency, is positive. When the circuit is closed, electrons flow from a toward b 


negative direction. Again it returns to zero, 
to repeat the process as long as it continues 
to flow. The strength of the current at its 
peak for a given pulse is called its ampli- 
tude. The distance from one positive or 
negative peak to the next represents its 
wave length. A completed back-and-forth 
movement is a cycle. 

It might seem that alternating current 
would be more trouble to use than direct 
Current, but the fact is that for many uses— 
lighting homes, running refrigerators and 
washers, driving motors in factories, and 
many others—alternating current is more 
convenient, for a number of technical rea- 
sons. Thus, most of the huge quantity of 
electric power we use today is alternating, 
and the rate of alternation, or frequency, in 
the United States is almost always 60 times 
per second (60 hertz, or Hz, named for 
Heinrich Hertz). 


GENERATING THE RADIO-FREQUENCY 
CURRENTS 


Radio broadcasting would be far sim- 
pler if we could just send the power we get 
from the local utility at 60 Hz up the an- 
tenna. But at this low frequency the Power 
will not take off for long trips in space. It 
must alternate at very much higher rates. 

Each current cycle produces a single 
radio wave. Consequently, the frequency 
of the alternating current corresponds ex- 
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Figure 3: the structure of the thr 
tube called a triode. At left is the w 
is represented diagrammatically 
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frequency of the radio waves it 
Fhe frequencies used in radio 
about 100,000 hertz (100 kilo- 
) kHz) up to more than 100 mil- 
(100 megahertz, or 100 MHz). 
M broadcasting is in the band 
iz to 1,600 kHz; FM radio is 
MHz and 108 MHz. Television 
ibout 800: MHz. Even higher 
. up into the gigahertz (billions 
ange, are used in microwave 
ons systems for telephone and 
ission from one point to an- 


we get electric power to alter- 
high rates? The early experi- 
rtz and Marconi among them) 
spark gap, an electric circuit 
| gap across which the voltage 
if the proper circuit apparatus 
d to the gap, the current across 
reverse direction at extremely 
ncies, generating a radio wave. 
aps were widely used in early 
‘itters on ships and elsewhere. 
were hard to control and pro- 


Aeriola, Jr., was the first popularly- 
idio receiver. It used headphones and 
of 20 to 25 kilometers. 
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TRIODE 


Figure 4: diagram of simple oscillating circuit with a 
triode. In the diagram, B is the battery, C the condens- 
er, G the grid, K the cathode, L the inductance coil, P 
the plate, R the resistance, S the secondary winding, 
and T the transformer. 


duced energy at many frequencies simul- 
taneously, causing interference among 
transmitters. An alternative is to use an os- 
cillating circuit, or oscillator. 

Each oscillating circuit has an induc- 
tance coil, or inductor, and a capacitor, or 
condenser. The inductance coil consists of 
a wire wound around a hollow cardboard 
tube. Whenever current is passed through 
the coil, a magnetic field is set up around it. 
The condenser is made up of two or more 
plates of tin foil, brass, or aluminum. The 
plates are separated by a substance such as 
air, glass, paper, mica, or oil that will not 
conduct electricity. It is known as the 
dielectric. The condenser stores electric 
charges up to a certain capacity when a 
steady voltage is applied to the terminals of 
the device. 

The simple oscillator circuit shown in 
Figure 2 shows an inductance coil and a 
condenser hooked together. The capacitor 
has received an electric charge. Plate a is 
negative, plate b positive. This means that 
there is a surplus of electrons at a and an 
electron deficiency at b. 
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Left, Figure 5: amplitude modulation (AM) of radio carrier current. The frequency of 
the wave remains constant, while its amplitude varies according to nature of the 
Original sound. Right, Figure 6 frequency modulation (FM), in which amplitude of 
Current remains constant while its frequency varies. 


When the circuit is closed and the con- 
denser plates are connected, there will be a 
flow of current from the negative plate, a, 
toward the positive plate, b. Electrons al- 
ways flow from a place where they are in 
excess to a place where they are deficient. 
As the electrons pass through the induc- 
tance coil on their way to b, the rate of flow 
will be retarded at first as a magnetic field is 
set up around the coil. Then this field will 
collapse and the current will continue to 
flow through the circuit in the same direc- 
tion as before. 

There will again be a slight lag as the 
electrons pile up at plate b. The formerly 
positive plate will become negative, while 
the formerly negative plate will be positive. 
When the condenser is fully charged, cur- 
rent will flow from plate b toward plate a 
and again will pass through the inductance 
coil, setting up a magnetic field. The elec- 
trons will flow back and forth between a 
and b at an extremely rapid rate. Their os- 
cillations will make up a high-frequency al- 
ternating current. 

We can produce any desired frequency 
within certain limits by making adjustments 
in the induction coil or the condenser. We 
can change the length of the inductance coil 
or the number of turns of wire or the type of 
core. We can add more plates to the con- 
denser or bring the plates into closer con- 
tact with each other. 

The to-and-fro movement of current in 
the circuit does not go on forever. The os- 
cillating electrons lose energy in overcom- 
ing the resistance of the inductance coil 
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winding and the connecting s. It is nec- 
essary, therefore, to furnis! source of 
energy that will keep the o ions from 
slowing down or stopping. \ n do so by 
inserting a triode, or three nt vacuum 
tube, in the oscillating circui 

The construction of a is shown 
in Figure 3. The hot cathode emits elec- 
trons that, as negative unit electricity, 


are attracted to the positively charged 
plate. Plate and cathode connected 
through an external circuit electron 
flow through the tube constitutes a current 
around this circuit. 

As they pass through the vacuum, the 
electrons are easily controlled in number 
by tiny voltages on the grid. Thus, the very 
small power in the grid can control the very 
much larger power in the plate-cathode cir- 
cuit. The vacuum tube is a relay, using €x- 
tremely small power to shape the action of 
greater power. 

The vacuum tube emerged from the 
experiments of a number of people. Amer- 
ican electronics pioneer Lee De Forest, 
one of the main developers, produced his 
tube in 1906. It was brought to practical 
shape mainly by the Bell Telephone sys- 
tem, where it was needed as an amplifier to 
improve long-distance telephone service. 
Very weak telephone signals fed to the grid 
would emerge greatly strengthened in the 
plate. Long-distance telephone lines have 
such an amplifier every few kilometers 
along the way. 

But it was as an oscillator that the vac- 
uum tube gave radio a giant lift. Experi- 


Figure 7 jation of radio waves from dipole an- 
tenna. ( am is the current source, Inset shows 
how the vaves spread outward. 

menters. among them the great American 
radio inventor Howard Armstrong, found 
that if part of the energy in the plate circuit 


was fed back again to the grid, the tube 
would produce very high frequency alter- 
nations that could be tapped and used. The 
triode thus provides the additional energy 
required to keep the oscillations from slow- 
ing down. 

_ We show one type of oscillating cir- 
cuit, complete with triode, in Figure 4. The 
voltage used to drive current through the 
grid is extracted from the oscillating circuit 
by means of a secondary winding, S, on the 
same core as the inductance coil, L. Volt- 
age is induced in this secondary winding by 
the action of the transformer, T. By about 
1913, vacuum tube oscillators had made 
long-distance radio communication reliable 
and practical. 

_ It is highly desirable in radio transmis- 
Sion to have a very steady frequency out- 
put, in order to ensure that a transmitting 
Station will keep to the frequency that has 
been assigned to it. The frequency of the 
oscillation can be controlled closely by the 
devices in the circuit, mainly the coils (in- 


ductors) and condensers (capacitors). The 
frequency can be made very stable and 
confined to a narrow band that does not 
interfere with other transmitters. 


OSCILLATORS PLUS AMPLIFIERS 


The pattern that emerged for radio 
broadcast stations was a response to the 
demand for more and more power in the 
radio wave. The oscillator producing the 
high frequency (the radio frequency, or RF) 
fed into very large vacuum tubes that acted 
as amplifiers to raise the RF to hundreds or 
thousands of watts of power. 

In the late 1950’s, another of the great 
inventions in electronics, the transistor, 
moved steadily into radio and television 
broadcasting. The transistor, often called 
a “solid-state device or a “‘semicon- 
ductor,” is an electronic relay like the vac- 
uum tube. But the electrons subjected to 
control are moving through the interior 
spaces in crystal substances rather than 
through a vacuum. 

The solid-state electron relay has a 
number of advantages over vacuum tubes. 
It does not wear out, and it uses less power, 
puts out practically no neat, is compact and 
inexpensive, starts up instantly, and per- 
mits a wide range of frequencies. Most of 
us first came in contact with transistors in 
portable radio receivers, where the small 
size and weight and low power demand 
were splendid qualities. 

Today transistors are used throughout 
the circuitry of radio and television trans- 
mitters, except for the final amplifier in 
very-high-power transmitters. Transistors 
have been essentially low-power devices, 
but new designs handling more and more 
power are being made, and many medium- 
power radio transmitters are entirely solid- 
state. 

BROADCAST STATIONS 


Thus, we have fully developed radio 
and television broadcast transmitters that 
can operate at any frequency in the band at 
a wide range of power levels. In the United 
States each broadcast station given a li- 
cense is assigned both a frequency and a 
power level by the Federal Communica- 
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tions Commission. These assignments are 
worked out in a way to minimize interfer- 
ence among stations. With about 8,000 
radio stations and about 800 television sta- 
tions in the country, this is like solving a 
jigsaw puzzle, but the job has been done 
effectively over the years. In Canada fre- 
quencies are allotted by the Telecommuni- 
cation Division of the Department of 
Transport. 

Radio stations have distinctive call let- 
ters. Stations in the United States use the 
letter W” or “K” as the first of their call 
letters. The first letter of Canadian stations 
is C.“ Usually, the choice of the other call 
letters is left to the broadcasting station. 
These additional letters sometimes stand 
for the initials of the company that runs the 
station. For example, in New York City, 
WRCA is operated by the Radio Corpora- 
tion of America, WCBS by the Columbia 
Broadcasting System, and WABC by the 
American Broadcasting Company. 


PROGRAM SOURCES 


The RF power put out by the station is 
called the carrier, because it literally car- 
ries the station’s program to the listener's 
receiver. The frequency of a radio or tele- 
vision station, which we use in setting our 
receivers to tune in the station, is the car- 
rier frequency. 

The program to be carried can origi- 
nate in different ways. It can be music or 
Speech picked up in the station’s Studios, 
or in a concert hall or other public place, or 
even on the street or in a moving vehicle. 
When the program comes from micro- 
phones outside the Station, it can be 
brought in by telephone lines or by special 
radio equipment designed especially for 
such remote pickups. The remote crew has 
small portable transmitters, usually effec- 
tive for about 15 kilometers, and the pro- 
gram is picked up by special receivers in 
the station’s studios. 

In all cases, whether the program 
comes from microphones or from tele- 
phone lines and such, the program is in the 
form of electrical signals that rise and fall 
in step with the original “information” — 
voice, music, or other sounds. 
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THE MICROPHONE 


A microphone is a dey ce that converts 


the mechanical energy released by sound 
waves into electrical ene ound waves 
are pressure vibrations amplitudes 
vary as loud notes produ: iks and soft 
notes produce slight bu ı the wave 
form. The waves also va atly in their 
frequency. 

In the microphone, und waves 
strike a diaphragm—a thin capable of a 
small amount of back-an movement, 
The motions of the disk « pond to the 
oscillations of the sound s. The dia- 
phragm is connected to an tric circuit, 
As it moves to and fro, it ies the elec- 
tric current flowing throu; ircuit so as 
to produce a fluctuating rn. This is 


nt, because 
requency as 


called an audio-frequenc 
its fluctuations have the s 


the sound waves at the ast source. 

Audio is a Latin word me *I hear.” 
The current output of microphone 

is very feeble and could n transmitted 


1icrophone. 
amplify the 


more than a few feet from 
It is necessary, therefore 


current, Each microphone is used to 
pick up a program has it vn separate 
preamplifier located in the itrol booth 
adjacent to the studio. It is called the 


preamplifier tube to distinguish it from 
other stages of amplification that come later 
in the broadcasting process i 

From the preamplifier, the current is 
led to a fader, or microphone volume con- 
trol, located on a panel in the control booth. 
The various microphone circuits are mixed. 
That is, they are combined into one overall 
program circuit. Further amplification puts 
the current through as many stages as are 
necessary. The sounds from all the micro- 
phones used on a program are united in one 
clear, balanced channel. The current is then 
carried from the studio to the transmitting 
Station through specially constructed tele- 
phone circuits. 


COMMUNICATIONS SATELLITES 


Other sources of programming inclu 
recordings of every kind, telephone oe 
nections to interviews at political or ot 


Figure 8: what happens to waves of different frequen- 
cies. Lower-frequency A—below about 30 mega- 
hertz—tends to be reflected from the ionosphere or to 
follow the curvature of the earth. Higher-frequency B 
grt penetrates the ionosphere. C is a higher-frequency wave 


EN 
oF for line-of-sight communication. 


gatherine. network programs that come in country at relatively low cost with high 
over lov: distance telephone lines, and quality. They are making long-distance 
program ¿layed to a station’s studios by telephone lines obsolete for this purpose. 
commu! © ‘ions satellites. The station wishing to use programs from a 


The + +ellites are transforming the way 
programs ¢ distributed to radio and tele- 
vision sis) ons. The communications satel- 


satellite employs a special receiver to bring 
the satellite signal in, and it is fed from the 
receiver into the studio control equipment. 


lites hav: en sent into earth orbit by 

S | E PROGRAM ON THE 
rockets a evolve around the earth at a PE HA A ibe y 
height of 35,890 kilometers. At this alti- ; 


tude, the satellite is geostationary, going 
around the earth in the same period at 
which the earth turns and remaining above 
a fixed point on its surface. It is as if you 
ran around a turning merry-go-round at the 
exact speed needed to stay right opposite 
the same horse all the time. 
A radio or television signal sent up to 
a satellite is automatically retransmitted to- 
ward the earth, but since the satellite is so 
high, the signal can reach a large area of the 
earth’s surface. If the signal were sent di- 
rectly from the transmitting station, it could 
Not reach far around the curvature of the 
earth. The satellite is in a position to 
spray” about one-third of the earth’s sur- 
face. 
The satellites relay radio and television 
Programs to stations in all parts of the 


Whatever the source of the program, 
the electrical signals representing that pro- 
gram are fed into the big control consoles 
in the studio. Here the volume can be set, 
the sounds enhanced in various ways, and 
the program turned on and off at the proper 
times. These sloping “boards,” with their 
rows of knobs and switches, allow the op- 
erator to adjust a number of programs at 
once and to choose the one to send to the 
carrier for projection over the air. 

The signals representing the program 
are loaded onto the carrier oscillations in 
the transmitter, in a process the engineer 
calls modulation. This means that some 
feature of the carrier is varied in step with 
the program signals. This variation is car- 
ried to the receiver, which recovers from it 
a close copy of the original material. 
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There are two kinds of modulation in = —modulated carrier wa that will 
common use in radio broadcasting. Ampli- be sent out into space. Phe transmitting an- 
tude modulation (AM) means that the tenna is wire or wires stretched beca 
strength of the carrier varies in step with two points at some dist: above te 
the program information (Figure 5). Fre- ground. Radio waves emanate from this an- 


quency modulation (FM) means that the 
basic frequency of the carrier varies in step 
with the program information (Figure 6). 
FM, as most readers will know, has proved 
to have better sound quality and has be- 
come a dominant force in American broad- 
casting, although quite a few older stations 
still use AM for local programs that are well 
established with large audiences. FM is 
comparatively free from the interference 
that often mars AM signals. It offers more 
natural tone reception than does AM. 
Many receivers have a combined circuit, so 
that one can change from AM to FM by 
throwing a switch. 


PRODUCING RADIO WAVES 


After the program current from the 
broadcasting site has been combined with 
the carrier current generated at the trans- 
mitting station, the resulting modulated 
carrier current—AM or FM—is fed to the 
antenna wire of the transmitting tower. 
Here it will be converted into radio waves 
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tenna in the same way as heat waves do 
when they spread out from a rai iator. 
Figure 7 shows a dipole transmitting 
antenna at work. This is one of the most 
common types. It consists essentially of 
two vertical wires with the current source 
—C, in the diagram—set between them. 
Alternating current is flowing through the 
antenna. During the first half-cycle of cur- 
rent flow, the electrons stream out of one 
wire, marked with a negative charge in ay 
diagram, and into the other wire, marke 
with a positive charge. Since the two wires 
have opposite charges, they may be con 
sidered as two plates of a condenser, with 
the surrounding air as the dielectric. AS 
the current flows, a field is set up between 
the opposite plates, as shown by the lines 
of force on the diagram. The current then 
dies down to zero, and the field collapses 
back into the wires. Before the last line 0 
force can reach the wire, the current a 
begun to go through its second half-cye 
in the opposite direction, and another fie 


Figure 1 e condenser. Right, actual condenser. Left, diagram shows that 


and trees increase the absorption and pre- 
ventthe signals from beingreceived strongly. 

The sky waves that radiate into the 
upper atmosphere penetrate beyond the 
stratosphere to the extensive layer known 
as the ionosphere. In the ionosphere the 
gases of the air are ionized by the action of 
ultraviolet rays from the sun. The iono- 
sphere is a very important factor in radio 
transmission and reception. A certain per- 


one set í s stationary and the other can be rotated. 
has fori fhe remaining lines of force 
from th st field are then pushed out by 
the sec: field and become detached 
from the vire. This process is repeated 
over anc ‘r again. The result is that a 
radiating = ream of lines of force is moved 
out into sr ve at a speed of 300 million me- 
ters per second, This stream—a moving di- 
electric \—produces a magnetic field, 
which is at right angles to it. Together they 
make up a radio wave. 


RADIO WAVES IN SPACE 


Radio waves spread out from their 
source in all directions like the water rip- 
ples you see after you drop a stone into a 
pond. As the waves get farther away from 
the transmitting tower, they become 
weaker. Some of them—ground waves— 
travel along the earth’s surface. Others 
—sky waves—are radiated straight out 
Into space. 

As ground waves travel, they set up in- 
duced currents that flow through the 
ground. In this way they lose energy and 
are gradually absorbed. Waves of the 
higher frequencies lose more power in this 
way than do the waves of the lower 
frequencies. Intervening hills, buildings. 


centage of the radio waves penetrates the 
ionosphere and never returns to earth. 
Waves that do not enter the ionized regions 
are reflected to the earth and then bounce 
back to the ionosphere. The waves will 
travel in this way back and forth between 
the earth and the ionosphere until they are 
completely absorbed. (See Figure 8.) 

The ionosphere changes height from 
day to night and during different seasons of 
the year. Radio reception is better at night 
and during the winter months because the 
absorption of the waves is reduced at such 
times. It has been found that absorption 
reaches its maximum at a frequency of 
about 1,400 kilohertz. 

Ground waves and sky waves may 
combine their effects in such a way as to 
cause undesirable effects in the intensity 
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of the sound coming from the loudspeaker. 
Sometimes the program fades away. At 
other times there is a sudden increase in 
loudness. With the constant improvement 
in radio receivers, this condition is not so 
prevalent as it used to be. In the early days 
of radio it occurred frequently and marred 
radio reception. 

Undesirable changes in intensity are 
due to several factors. Sometimes both the 
ground wave and the sky wave reach a 
receiving set. They may both come in 
together and reinforce each other. In that 
case the signal increases in intensity. On 
the other hand, they may be slightly out of 
step and may have a tendency to neutralize 
each other. In this way they bring about a 
loss in intensity and sometimes even a 
complete fading away of the signal. 

Fading and increase in intensity may 
also be due to conditions arising in the 
ionosphere. Changes in this portion of the 
atmosphere can cause undesirable varia- 
tions in the sky wave, Such variations may 
also be due to the interaction between two 
sky waves. One of these may reach the 
receiver in one hop. Another may hit the 
ionosphere at a different angle and may ar- 
rive at the receiving set in two hops. Here 
again, if the two waves arrive in step with 
each other, the signal will be loud. If out of 
step, they may cancel each other. 


THE RECEIVER 


__ Receivers come in many shapes and 
sizes, but nearly all have the same general 
design. An aerial-ground system collects 
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four elements in a simple cry 
THE TUNING CIRCUIT 

Each transmitting station sends out 
waves of a different freque: vithin local 
areas. The tuning circuit tuner, must 
select the frequency of the station whose 
program we desire to hear. The receiver 
must be put in resonan with the 
frequency of the sending station. That is, it 
must be adjusted so that it wil pond only 
to this frequency. 

In a tuning circuit, we match the 


frequency of the incoming signal by means 


of an inductor and a condenser, hooked 
together. The inductor is fixed. The con- 
denser is variable. One set of plates is sta- 
tionary and the other can be rotated (Figure 
10). 

Once you have tuned your set to the 
carrier, the action starts with stages that 


Strengthen the carrier as it comes in with 
the program, since it is likely to be weak 
after its trip. At this point the in: oming car- 
tier, loaded with the program, is mixed 
with a signal from a local oscillator, a minia- 
ture transmitter built into the receiver. Ac- 
cording to the mathematics of such mix- 
tures, a third carrier emerges that is the 
difference between the two, and this is 
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Figure 11: diagram of a Superheterodyne circuit. 


Figure 12: « n shows how radio-frequency signal 


is transforrr the original alternating current. B, 
the negative pulses of current are eliminated by de- 
tector circuit 

called the intermediate frequency. The 
point is iha! the frequency of the local os- 
cillator is changed with each carrier so that 
every signal coming in produces exactly the 
same intermediate frequency. With just one 
frequency to deal with, an intermediate-fre- 
quency amplifier (Figure 11) that has ex- 
tremely high strengthening power can be 
built in the set. It is said to have high gain. 


This is the superheterodyne principle 
used in the vast majority of radio and tele- 
vision receivers. It was invented by How- 
ard Armstrong, an American who was also 
the developer of FM radio. An example or 
two may help make this rather complicated 
System clear. 

If the intermediate frequency used in 
the set is 450 kilohertz, and the signal tuned 
in is 1,000 kHz (near the middle of the AM 
band), the local oscillator in the set will be 
tuned automatically to 550 kHz, so the dif- 
ference will be the desired 450 kHz. If the 
receiver is returned to 800 kHz, the local 
Oscillator is automatically retuned to 350 
kHz, again leaving a difference of 450 kHz. 
An intermediate-frequency amplifier for 
Just one frequency can also be very effec- 
tive at rejecting other stations that are a 
little off the frequency tuned in. This selec- 
tivity is an important aspect of the circuit. 

The intermediate frequency is still 
Carrying the program, and this goes to a 
detector, a circuit that converts the rapid 


AC alternations of the carrier to the re- 
quired fluctuating DC. 

In the early days of radio, this was 
done by means of a crystal detector circuit. 
It was given the name “detector” because, 
by changing alternating current to direct 
current, it made it possible to detect radio 
waves. 

Crystals of galena, which is a com- 
pound of lead and sulfur, were used for 
this purpose. The galena crystal was capa- 
ble of acting like an electrical valve. It per- 
mitted the flow of electrons in one direc- 
tion only. The alternating current fed to 
this crystal would pass through it, there- 
fore, on one half-cycle and would stop 
flowing on the following half-cycle. 

Figure 12 shows how the current 
would be transformed. In A we see the orig- 
inal alternating current, with its hills and 
valleys—one set of hills and valleys repre- 
senting the positive pulses; the other set 
the negative pulses. In B, the negative 
pulses have been eliminated, The positive 
ones follow each other so closely that the 
effect is that of a direct current—a current 
with a definite fluctuating pattern, repro- 
ducing the original pattern sent out from the 
microphone. 

The output of a crystal detector circuit, 
then, is a pulsating direct current—a cur- 
rent flowing in one direction and periodi- 
cally changing strength. In early crystal 
sets a thin wire was set in contact with a 
sensitive spot on the crystal, where the 
valvular action was the strongest. The wire 
was known as the cat whisker. 

The crystal detector was replaced by 
vacuum-tube detectors and then by transis- 
tors. Like crystal detectors, they change 
the alternating current flowing through the 
aerial and the tuning circuit into direct fluc- 
tuating current. The fluctuations follow the 
same pattern as in the microphone. We 
now have an audio-frequency current—one 
in which the frequency of the fluctuations 
will be the same as that of the sound waves 
produced at the site of the broadcast. Then, 
usually with some more amplification 
(called audio amplification), the DC 
reaches the final stage—the loudspeaker or 


headphones. 
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Figure 13: diagram showing the workings of a sim- 
ple magnetic speaker. 
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Figure 14: diagram of a dynamic speaker showing 
the circular gap and ring of the speaker. 
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Figure 15: dynamic speaker in cross section, Ring of 
speaker is now shown in position in the gap between 
the poles of the electromagnet. 
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STRICITY 


peaker pro- 


duces sound that is a very copy of the 
sound that started out ir idio studio, 
or in some earlier sour: h as the re- 
cording studio. Figure | ws how the 
simple magnetic speake cs. The so- 
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the cone with it, back an h in vibra- 
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cone kicks the air off into si waves that 
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Headphones work in : ur manner. 
Some headphones have the coils wrapped 
around fixed magnets, wit! t diaphragm 
mounted very close, as ir lephone re- 


ceiver. The strength of the magnet is varied 
in step with the signal fed to the coil. Some 
headphones are like miniature loudspeak- 
ers, with tiny voice coils attached to the 
diaphragms that move in and out 

Microphones, speakers, and head- 
phones are all called transducers, devices 
that change one form of energy to another. 
Microphones convert the acoustic energy 
of sound first into the mechanical energy of 
the moving diaphragm, and then into the 
electrical energy of the signal. Speakers 
and phones behave in reverse—converting 
electrical energy to mechanical and then 
acoustic energy. 

Radio technology is full of complex de- 
tail that could not be covered in this brief 
article. And it is constantly being enlarged 
and improved by a host of scientists and 
engineers working in the industry. It is one 
of the most forward-looking technologies, 
and new ways of serving the listener can be 
expected to appear in the future as the com- 
munications industry grows. 
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MATEUR AND CB RADIO 


by Don Waters, WBICUJ 


The sounds of radio are everywhere 
around us. Broadcasting studios in towns 
and cities provide us with news and music 
and many other kinds of programs. There is 
One thing about them—you can’t talk back. 
You can call in to talk shows and speak 
with disc jockeys. But for the most part, or- 
dinary radio is a one-way system of com- 
munications. 

_ There is another, fascinating world of 
radio, however: amateur radio. Here peo- 
ple can talk directly with one another and 
Not just listen in. Amateur radio is one of 
the most enjoyable and rewarding of hob- 
bies. It is also the only hobby that is 
regulated by international treaty. 

Amateur radio reaches around the 
world. There are nearly one million ama- 
teur, or “ham,” radio operators, with about 
300,000 of them in the United States alone 
and nearly as many in Japan. Radio hams 
can and do converse on just about any 
topic, subject only to being noncommercial 
and to speaking in good taste. Often the talk 
is devoted to an exchange of information 
about equipment, signal strength, and so 
on. But often it is simply a sharing of expe- 


rience: families, interest, everyday events. 
Hams even play chess by radio. 


A UNIQUE WORLD 


The international ham community is 
unique in several ways. For one, all its 
members are on an equal basis so far as 
their hobby world is concerned, For ex- 
ample, a New York City ham was excited 
one day to hear his call answered with a 
voice saying “JY L—Hussein here.” He 
suddenly realized that he was talking with 
King Hussein of Jordan, who is an active 
and enthusiastic radio amateur. 

Emergency communications is another 
long tradition among radio amateurs. They 
have an organized field program to train 
and prepare for emergencies and be ready 
to swing into action when the need arises. 
For example, one morning early in 1976 a 
ham in Ohio and another in New Mexico 
were talking casually when another voice 
suddenly broke in: “Terremoto! Ayuda!” 
One of them fortunately understood this as 
Spanish for “Earthquake! Help!"’—the first 
word to the world of the disastrous earth- 
quake that had just struck Guatemala. 
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Wide World 


With a more powerful setup, this ham operator in 
Czechoslovakia became the first non-U.S radio ama- 
teur to contact all of California's counties 


For the next several days, help from 
national governments and international re- 
lief agencies was mobilized and coordin- 
ated by means of amateur radio. Short- 
range radio equipment was rushed to the 
stricken country as an emergency internal 
communications system. Radio amateurs in 
several regions went on round-the-clock 
Status to maintain a wider relief network 
for the earthquake victims. 

Ham public service takes less dramatic 
forms, as well. It keeps people in remote 
outposts in touch with their families, pro- 
vides communications control during pub- 
lic events, and serves in many other ways. 
For all these reasons, amateur radio is 
given valuable Space in the radio spectrum 
by the governments of the world. 

Finally, there are no barriers of geogra- 
phy or language in ham radio. There is a 
system of radio shorthand, called Q signals, 
that means the same in every language. For 
example, “QTH” means home or residence 
location, “QRX” means “Stand by,” and 
“QRS” means “Send more slowly.” A 
QSL is a traditional Postcard exchanged in 
confirmation of an on-the-air contact, and 
many hams accumulate hundreds of them. 
There are also other abbreviations. “TNX” 
means “Thanks,” the number 73 at the end 
of a message means “Best regards,” and 
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the number 


“How much does it cos 
ateur radio? Isn't it expens 
common question raised by y 
about taking up the hobby 


ple thinking 
inswer may 


be surprising. In the United States it is en- 
tirely possible to get a lic . acquire a 
basic station, and go on the for less than 
$100. This is particularly if the new- 
comer has the guidance of old-timer in 
what to look for in the wa) ised equip- 
ment or simple kits. 

Where one goes from basics de- 
pends on how his or her an ir interests 
develop. In many ways is like pho- 
tography. You can run the g t from very 
simple and inexpensive but tive equip- 
ment to a very elaborate on costing 
$100,000 or more. The average ham invest- 


ment in a station over a period of years 


ranges from $3,000 to $5,00 


The basic equipment consists of a 
radio transmitter, a receiver. and an an- 
tenna. Usually the equipment is bought, but 
there are also do-it-yourself kits. Some 
hams design and build their stations en- 
tirely on their own. The station may be the 
corner of a room, or it may take up the en- 


tire room. Broadcasting from vehicles is 
also permitted. Communication may be by 
means of voice, radiotelegraphy (that is, 
Morse code), radioteletype, or even ama- 
teur television equipment. 

Depending on their proficiency, hams 
can use up to 1,000 watts of power to send 
out their messages. Amateur radio is allot- 
ted several bands in the shortwave range of 
the radio spectrum, the same range used by 
ships, airplanes, police, and others. Most 
nations of the world have agreed on which 
bands amateur radio may use. 


GETTING A LICENSE 


The beginner license requirements are 
simple for anyone with the desire to bea 
ham radio operator. There are no age limits, 
and children as young as five have managed 
to obtain a license and run a station. 

You have to learn Morse code as a 


beginner, but it is not at all difficult with a 
few weeks of practice. International treaty 
agreements require this, because code is 
still the surest, simplest way to get a radio 
signal through under almost any conditions. 
Beginners need only be able to transmit six 
words in code per minute. They must also 
pass a very simple 20-question, multiple- 
choice test on radio theory and on the 
government-established regulations con- 


trolling amateur radio. 

In the United States the Amateur 
Radio Service is administered by the Fed- 
eral Communications Commission, which 
issues five classes of amateur licenses: 
Novice, Technical, General (the most com- 


mon), Advanced, and Amateur Extra. The 
Novice license is issued for a two-year 
period and is not renewable. It was deliber- 
ately designed to make entry into amateur 
radio and getting on the air as easy as possi- 
ble. The Novice test is conducted by mail 
and may be administered by any qualified 
ham. 

With each advance in rank of license, 
further technical knowledge is required. 
There is also a slow increase in the number 
of words per minute that you must be able 
to transmit in Morse code. The last three 
ranks are administered at an examining of- 
fice of the Federal Communications Com- 
mission. As you advance, you are permit- 
ted to use more and more transmitting 
Power and to operate within wider portions 
of the amateur radio bands. The conditions 
that are set for hams vary from country to 
country, 

_As a ham, you have a “name” by 
which every other radio amateur will know 
you. That is, each station is assigned a call 
letter. An amateur radio call—for example, 
WBICUJ—always consists of a one-or 
two-letter prefix that indicates your 
country. The United States is either W, K, 
or N. This is followed by a single numeral 
for your geographical region, such as | for 
New England. Two or three letters follow 
that represent you as an individual. You 
Can often see these amateur call letters on 
automobile license plates—a privilege ac- 
Corded hams in the United States and 
Canada. 


Citizens Band radio transceivers are simple to 
operate. This 40-channel model, shown with its 
microphone attached, is suitable for home use. 


THE AMATEUR RADIO RELAY LEAGUE 


Most hams agree that the easiest way 
to a Novice license is through one of the 
classes conducted by community radio 
clubs or with the assistance of a licensed 
amateur nearby. Help in locating a club or 
local ham—or just general information 
about amateur radio—is available from the 
American Radio Relay League, Newing- 
ton, Connecticut 06111, an association of 
U.S. and Canadian radio amateurs. The 
League publishes training material, a 
monthly technical journal, an annual hand- 
book, and a number of other publications 
on special phases of amateur radio. It also 
operates a headquarters station, WIAW, 
which transmits to hams. It maintains a 
Technical Information Service to answer 
questions from any amateur on problems 
relating to station equipment. It coordi- 
nates an extensive field organization for 
public service and other operating activi- 
ties, and it represents the interests of radio 
amateurs with the Federal Communications 
Commission and other national and inter- 
national government agencies. The head- 
quarters staff of about 125 people functions 
under policies and directives established by 
a regionally elected and unpaid Board of 


Directors. 
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The ARRL was created in 1914 by 
Hiram Percy Maxim of Hartford, Connec- 
ticut, a noted inventor, automotive pioneer, 
and ardent radio amateur. Maxim saw the 
League as an organization to extend the 
very limited range of amateur radio at that 
time by means of a nationwide system of 
relays—hence the name of the organiza- 
tion. But he also saw a need for more—an 
organization to advance the long-term po- 
tential of this new avocation. Maxim’s lead- 
ership guided the League until 1936, 
WIAW, the Maxim Memorial Station, per- 
petuates his call letters. 


CONTESTS AND AWARDS 


Amateur radio has developed its own 
special-interest fields. One is DX, or con- 
tact with other amateurs in distant 
places—the more remote the better. One 
of the hobby’s oldest and most coveted 
awards is DXCC, given for verified con- 
tacts with 100 or more different countries, 
In amateur radio, a “country” may be 
England or France or Japan—or an uninha- 
bited rock in the middle of an ocean, 

To indicate just how compulsive 
“chasing DX” can be, there have been a 
number of “DXpeditions” in which a ham 
or small group of hams, either self-financed 
or financed by contributions, journey toa 


Amateur radio rigs can be set up in a corner of a room. 
This operator, wife of the U.S, ambassador to Vene- 
zuela in 1967, spent long hours relaying emergency 
calls when an earthquake struck there. 


far-off spot where amateu lio normally 
does not exist. Such pl are usually 
isolated islands or rock ou oppings, and 
just getting there can be lifficult and 
tedious process. Once the he DXpedi- 
tioners set up portable staton equipment 
and go on the air, often id the clock, 
The resulting pileup of DX anxious to 
get another rare QSL can ‘most unbe- 
lievable. 

There are also a nur of regular 
contest events in which la numbers of 
amateurs participate. One of ‘he most pop- 
ular and certainly the mos ous is Field 
Day, held on a weekend in J every year, 
Groups of hams, usually from local clubs, 
set up portably-powered st ns at camp 
sites or on hilltops and try to z more con- 
tacts than any other gro The event 
started years ago as a train xercise for 
emergencies and has beci an event 
thousands of amateurs look forward to 
every year. 

For newcomers to the ıteur ranks. 
there is even an annual Novice Roundup. 
Among the much-sought-after awards in 
amateur radio are WAS, or Worked 
All States, one of the first certificates 
acquired by many new hams; WAC, or 
Worked All Continents; and Code Profi- 


ciency awards at various speed levels. 
DEVELOPMENTS IN HAM RADIO 


Amateur radio is as old as radio itself, 
because in the beginning all operators and 
experimenters were amateurs. This in- 
cludes Guglielmo Marconi himself, the 
father of wireless communications and an 
amateur enthusiast. 

From its beginning at the turn of the 
century, amateur radio developed quickly. 
By 1912 there were so many stations that a 
law was passed to prevent interference be- 
tween them. Private stations, including am- 
ateurs, were assigned radio bands in the 
shortwave region that engineers thought to 
be worthless. The amateurs soon proved 
this was not the case, sending messages 
over longer and longer distances. In 1923 
they achieved the first two-way com 
munication by shortwave across the Atlan- 
tic Ocean. 


Through the years, amateurs have con- 
tinued to be experimenters. For example, in 
1960, hams in California bounced their sig- 
nals off the moon for the first time, the mes- 
sage being received in Finland. An elec- 
tronics professor in New Jersey who is 
also a radio ham succeeded in “working all 
continents’ by moonbounce, simply by 
using his own large, backyard antenna. 

In 1961 a group of California hams, 
mostly employed in the aerospace industry, 
designed and put together a small com- 


munications satellite, and persuaded the 
Air Force to launch it as a hitchhiker with 
other space hardware. They called their 
satellite Oscar, for Orbiting Satellite Carry- 
ing Amateur Radio. It was the first nongov- 
ernment, nonmilitary satellite. For a few 
weeks it emitted the Morse code signal for 
“HI”. In the years since, hams have de- 
signed and produced an increasingly so- 
phisticated and useful series of Oscars. One 
was built with components produced by 
Australian, German, Canadian, Japanese, 


and U.S. amateurs. They have all been 
launched by the U.S. National Aeronautics 
and Space Administration. A cooperative 
educational program has been developed, 
based on Oscar, in which local demon- 
Strations of space communication take 
place right in the classroom. Specially 
prepared curriculum material is available to 


Cobra Communications Product Group, Dynascan Ci 


CB home stations can be used to communicate with 
people who are traveling in vehicles. Licenses are 
easy to obtain and regulations are simple. 


teachers to help relate the Oscar experi- 
ence to mathematics, physics, geography, 
and even the social sciences. 

One popular aspect of amateur radio 
today is two meter FM, a very high 
frequency band with short, line-of-sight 
range. The equipment is small and com- 
pact, and hams use it mostly in their au- 
tomobiles. The range is extended by means 
of “repeaters.” These are devices for re- 
ceiving and retransmitting a signal. Repeat- 
ers are usually operated by local clubs and 
located atop hills or tall buildings. There 
are now a couple of thousand repeaters in 
every section of the United States. They 
are listed in a directory so that traveling 
hams can find out how to gain acess to one 
almost anywhere for local communication. 


Sparkomatic Corporation 


Use of CB by U.S. truck drivers in 
meeting the fuel shortage of 1973 
caught the public's imagination 
and contributed to a rise in CB 
sales at that time. Range of sets on 
vehicles is usually limited to about 
25 kilometers. 
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‘Sparkomatic Corporation 


Home antennas can rise no higher than 18 meters or 
else 6 meters higher than the building does. 


CITIZENS BAND RADIO 


Another form of noncommercial radio 
is also very popular today: Citizens Band, 
or CB, radio. It is different from amateur 
radio in several ways. It occupies a very 
small portion of the radio spectrum, cen- 
tered in the 27-megahertz region. It is limit- 
ed to an operating power of four watts and 
is short-range only. Typically, a home CB 
Station can transmit no farther than 50 kilo- 
meters, and a CB unit in a vehicle no far- 
ther than about 25 kilometers, although 
this varies with local conditions. 

On the other hand, CB sets are light- 
weight and inexpensive. They provide a 
handy system for two-way communications 
between people at home and on the road. 
Truckers use them Constantly to talk with 
other truckers, Having a CB set is like hav- 
ing a wireless telephone of short to medium 
range at your service. However, the com- 
munication usually has to be line-of- 
sight—the radio signals are not likely to get 
past any major obstructions, Sometimes the 
signals “skip” along the lower layer of the 
earth’s ionosphere for greater distances. 
but purposely making use of this phenome- 
non is illegal. 
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Basic equipment includes a combined 
transmitter and receiver, or insceiver; an 
antenna; and some coaxia! cable, The an- 
tenna for a home installation cannot be 
higher than 18 meters above ihe ground, or 
else six meters higher than the station's 
building. The CB set is cr !-tuned. That 
is, the crystal in the set designed to 
vibrate at certain set frequencies. Thus a 
CB set is tuned by switching from channel 
to channel, as ina television set, rather than 
dialing, as on radio sets. At present 40 CB 
channels are available. 

Getting a CB license is simple. You 
must have a mailing address snd be at least 
18 years old, although once 1 have your 
set you can let younger people use it under 
your supervision. You also ! > to obey a 
few simple rules such as no ing “skip, 
not swearing on the air, and breaking off 
conversations for one minute if they last 
longer than five minutes. Your call sign will 
consist of a three-or four-letter prefix fol- 
lowed by a four-digit number—for ex- 


ample, KGA 1234. ; 

CB radio began in the 1940s with the 
creation of the Citizens Radio Service for 
the regulation of radio-controlled appli- 
ances, including mobile radio telephones. 
Citizens Radio Service occupies a higher 
frequency band than does the present CB 
radio. The latter was made a special class of 
the Service and moved to its present band 
in 1958. Thereafter CB radio use grew 
slowly until the early 1970s. At that time a 
fuel crisis developed in the United States, 
and truckers found CB a convienent means 
of finding fuel sources when regular ne 
ran dry. Their use of CB, and the colorfu 
lingo they developed in their com- 
munications, caught the public imagina 
Sales of CB sets rose rapidly, and in 197 
the Federal Communications Commission 
lifted its prohibition on the hobby use of CB 
radio. 

For those who have experienced the 
taste of personal two-way radio com- 
munication through CB, there is an even 
more interesting world in store in amata 
radio. Much more than a pleasant hobby. ! 
offers the satisfaction of membership aa 
community that reaches around the world. 


RADAR 


by Irving H. Page 


When a mariner is approaching a rocky 
coast at night, he sometimes sets off a 
whistle blast and ticks off the seconds until 
he hears the faint echo of the blast come 
back from shore. By noting the number of 
seconds that have elapsed, he can deter- 
mine roughly how far off the coast is. This 
crude method of detection is based on the 
fact that sound travels in air at the rate of 
roughly 330 meters per second. Our mari- 
ner knows that the sound waves generated 
by the whistle blast have to go out to the 
shore and back. Hence the actual distance 
to the shore is 165 meters for every second 
of delay from the time the original blast was 
emitted to the time when the echo was 
received. A cliff 1,650 meters away would 
give back an echo about 10 seconds after 
the setting off of the blast. 

Like sound waves, radio waves have 
echoes, reflected from metals, wood, glass, 
plastics, and other objects. The reflected 
radio energy will be scattered in many dif- 
ferent directions, including the direction 
from which the radio signals originally 
emanated. This phenomenon has been put 
to use in the device called radar (from 
RAdio Detection And Ranging). 

A radar transmits radio-frequency en- 
ergy. This is focused into a beam, which is 
made to scan a wide area. Reflections, or 
echoes, from a target in this area then make 
their way to a radio receiver. Since radio 
waves travel at a constant speed—about 
300,000 kilometers per second—the dis- 
tance of the target can be determined by 
Measuring the time that has elapsed from 
the transmission of the radio energy to the 
reception of the echo from the target. The 
latter’s position can be indicated by noting 
the position of the beam that yields the 
Strongest echoes. In some cases, one can 
also calculate the velocity of the target. 


EARLY DEVELOPMENT 


The history of radar goes back many 
years. As early as 1887, the German physi- 
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The intense white areas are tornadoes as they appear 
on a radar screen. Weather forecasting relies a great 
deal on radar views of cloud patterns. 


cist Heinrich R. Hertz generated short 
radio waves with electric sparks and 
showed that they could be bounced off flat 
metal plates. Almost twenty years later, 
another German physicist, Christian Hüls- 
meyer, patented a system in which radio- 
wave echoes were to be used to detect 
marine hazards. 

The first important breakthrough in the 
development of radar came in connection 
with the study of the ionosphere, an elec- 
trified medium existing above the earth and 
reflecting or refracting radio waves. Arthur 
E. Kennelly and Oliver Heaviside had 
theorized in the early 1900s that such a me- 
dium existed. In the early 1920s, A. H. 
Taylor and Leo C. Young, of the U.S. 
Naval Research Laboratory, confirmed the 
existence of the medium. In order to further 
their researches on the ionosphere, they 
collaborated with Gregory Breit and Merle 
A. Tuve in the construction of a radar 
device, called a pulse-echo radio. It en- 
abled these scientists to measure directly the 
height of the ionosphere. To do so, they 
first sent out a pulse of radio energy. Then 
they measured the time required for this 
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pulse to go up to the reflecting ionosphere 
and to come back to a receiver on the 
ground. 

In 1922, Taylor and Young had noted 
the interference effect of a boat passing be- 
tween their high-frequency transmitter and 
receiver. They had recognized the possibili- 
ties of radio echoes in the detection of 
remote objects. In the 1930s, they noted 
that aircraft passing through the radio paths 
between transmitter and receiver also 
caused interference effects. In 1934, Rob- 
ert M. Page, a radio physicist at the U.S. 
Naval Research Laboratory, was assigned 
the task of building and demonstrating a 
device that could bounce radio waves off 
aircraft and detect their presence. In a few 
months, his assemblage of laboratory gear 
detected a faint “squiggle” caused by an 
airplane taking off from the Naval Air Sta- 
tion, nearly two kilometers away. Thus 
modern pulse radar was born. 

Other physicists—U.S., British, Ger- 
man, and French—worked on the problem 
of radar in the 1930s. In Great Britain, 
Robert A. Watson-Watt conceived of a sys- 
tem for detecting airplanes and determining 
their positions by radar. The English 
formed a committee in 1935 to develop 
Watson-Watt’s system. A chain of radar 
Stations was established in the following 


years along the eastern coast of Great Brit- 
ain. 
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Since that time, developments in radar 


have come thick and fast, l this device 
has had many applications 
HOW IT WORKS 

There are two basic types of radar— 
continuous wave, or c-w, and pulsed radar, 
The continuous-wave radar transmits radio 
waves continuously, as the ie indicates, 
In the tracking of moving tareets, the radio 


signal that is emitted h ‘ constant 
frequency. The frequency he returning 
echo will depend upon the speed and the di- 
rection of the object that is being tracked, 
This is an example of the Doppler effect. In 


fact, the continuous-wave radar is some- 
times called the Doppler radar. A part of 
the signal is fed, as it is transmitted, into the 
receiver. When the reflected signal arrives 
at the receiver, the differences in frequency 
between transmitted and reflected signals 
are continuously measured and are dis- 
played or recorded. The operator can tell 


whether the object is moving toward him or 
away from him and what its velocity is. 

For stationary targets, the transmitting 
frequency is varied regularly and continu- 
ously. The frequencies of the transmitted 
signal and of the target echo will differ by 
an amount proportional to (1) the rate of 
change of the transmitter frequency and (2) 
the time taken by the transmitted signal to 
reach the target and to return. 


Radar beam showing areas of 
comparative strength. The 

` strongest zones are in the 
darkest areas. 


Dish-shape: iar antenna. 
Radar anter are modified 
to send an ive signals 


_ The pulsed radar is used far more 
widely than the continuous-wave variety. It 
transmits radio-frequency energy in short 
bursts, or pulses, emitted at the rate of from 
a few hundred to many thousands per sec- 
ond. After each pulse, there is a listening 
Period, during which echoes from the target 
May be received with no interference from 
the radar’s transmitter. 
ga Each pulsed radar generally has seven 

asic elements—the synchronizer, the 
Modulator, the transmitter, the duplexer, 
the antenna, the receiver, and the indicator. 
i he arrangement of these elements is illus- 
rated in the diagram on the facing page. 
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The synchronizer, an electronic os- 
cillator, generates low-power pulses, set- 
ting the frequency of the pulses to be 
beamed later by the antenna. The modula- 
tor contains an electric-energy storage 
device. This is discharged to produce a 
high-power pulse every time a low-power 
pulse is received from the synchronizer. 
The transmitter, a high-frequency oscilla- 
tor, converts the direct-current energy from 
the modulator into pulses of radio- 
frequency energy. These pulses are fed into 
an antenna, which beams them out into 


space. 
The antenna serves a twofold purpose. 
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Not only does it emit pulses but it also 
picks up return echoes from the target and 
sends them on to the receiver. This is made 
possible by the duplexer. It disconnects the 
receiver from the antenna while the latter is 
transmitting. After the pulse has been 
transmitted, the duplexer disconnects the 
transmitter from the antenna, so that the 
radio echoes may be channeled to the 
receiver, 

There are various types of antennas. 
The most familiar one is a parabolic dish- 
shaped device, which keeps rotating while 
it is in operation. The dish is often cut away 
so as to send out a beam of a desired width, 
broader or narrower. Sometimes two an- 
tennas are set side by side, one sending out 
a broad beam, the other a pencil-thin beam. 
As an antenna rotates, generally many 
times a second, it scans a wide area. 

The faint radio signals picked up from 
a target by the antenna are fed to the 
receiver, where they are amplified, so that 
they may be displayed on the indicator, The 
basic component of the latter is a cathode- 
ray tube. It is quite similar to the picture 
tube of a television receiver, though some- 
times smaller, As in the case of the televi- 
sion picture tube, the inner face of the radar 
cathode-ray tube has an electroluminescent 
Coating that glows when struck by a beam 
of electrons. In this way it produces the 
radar display on the outer face of the 
tube—the radar screen or Scope, as it is 
often called. 

Pulsed-radar information may be dis- 
played in various ways. The A-display, or 
A-scope, is used to show the range, or dis- 
tance, of the target. In this device, the 
cathode-ray beam produces a trace of light 
running horizontally across the face of the 
tube from the viewer's left to his right. The 
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Simplified diagram of a typical radar instrument, 


light trace actually moves back and forth, 
but it is not visible on the return sweep. The 
beam is deflected vertically by the re- 
ceiver’s output, which includes random 
“noise,” as well as the radio echoes re- 
ceived from targets. This noise is derived 
partly from effects originating in the re- 
ceiver itself, and partly from unwanted 
targets. The targets produce wider deflec- 
tions from the horizontal. These variations 
can be interpreted so as to indicate the 
range of the targets. In the B-cisplay, or B- 


scope, the display shows both range and 
direction, as indicated on a screen scale 
laid out in squares. The C-scope does not 


indicate range. It displays direction and 
elevation. 

By far the most frequently used and 
most familiar display device for pulsed 
radar, or indeed any kind of radar, is the 
plan-position indicator, or PP1. In this, the 
cathode-ray beam starts from the center of 
the scope as it sweeps in a straight line 
across the face of the tube. Its direction in 
this sweep will depend on the direction in 
which the antenna beam is pointing. Gener- 
ally the beam will produce a faint glow, cor- 
responding to “noise,” on the radar screen, 
But, if an echo from a target appears, it wil 
be displayed as a bright spot, called a blip. 
The target appearing on the screen as a blip 
may be a plane, a ship, a portion of a 
landmass, or a bridge. As the radar antenna 
keeps rotating, there will be a rapid succes- 
sion of cathode-ray-beam sweeps, radiating 
from the central point. The beam will keep 
revolving around the central point of the 
screen, much like the second hand of a 
watch. 

By the time the first circuit is com- 
pleted, there will be a pattern of blips on the 
radar screen. As one circuit follows an- 


other, the blips will be reinforced, and the 
pattern will be retained. Slow-decaying 
phosphor: are sometimes used in the elec- 
troluminescent coating so that the pattern 


may persist from one sweep to the next. 
The scr is marked out with a series 
of concentric circles—the range markers. 
These furnish a distance scale to indicate 
how far off the target is from the receiver 


(corresponding to the central point of the 
scope). The direction of the target is in- 
dicated by markings on an outer circle, cov- 
ering a full 360° range. As the observer 


eyes the radar screen, he sees a map, show- 
ing the general land features and also 
targets on land or at sea. Special techniques 
are used to determine elevation. 


Radar information is not always dis- 
played on a radar screen. Sometimes it is 
recorded on tape or film and is then put 
aside for further analysis. Sometimes it is 


fed directv into a computer, which makes 
various calculations on the basis of the in- 
formation provided for it. 
IMPORTANT USES 

Military search radar. A most vital mili- 
tary role of radar is the search for aircraft, 
missiles, or ships. Search radar serves in 
some elaborate systems to give warning of 
approaching planes or missiles. The infor- 


mation is then transmitted to U.S. defense 
centers, 

Naval vessels regularly use two types 
of search radar. One is for surface search of 
Ships and of obstacles to navigation. The 
other radar, with a much longer range, is 
used for air search to detect planes. 

Interception radar.G round-controlled in- 
terception (GCI) radar, based on land sta- 
tions, and ship-controlled interception 
(SCI) radar, based on aircraft carriers, are 
used to direct military aircraft. Sometimes 
radar is installed on the interception planes 
themselves. This is known as airborne inter- 
ception (Al) radar. Generally AI radar is 
used to track down planes in the dark. 

Fire-control radar. This device locates 
targets accurately and directs gunfire or 
Missiles against them. A group of beams or 
a conically scanned beam from a tracking 
radar picks up the target and follows it in its 


course. The radar measurements are fed to 
a computer, which calculates the previous 
course of the target, its present position, and 
where it may be expected to be when the 
projectile intercepts its course. This infor- 
mation is then relayed to guns or missiles. 

Guided-missile control. Certain missiles 
receive radio commands from the ground 
while in flight in order to direct them 
against a target. Both the missile and the 
target are tracked by radar. 

Bombing radars. Modern military air- 
craft carry high-resolution microwave 
radars, which allow excellent mapping of 
the ground terrain in their vicinity. Such 
features as mountain ranges, coastlines, 
rivers, and cities can be seen in consider- 
able detail. 

Radar for marine safety. An important 
use of radar is in assuring safety at sea. All 
ocean liners and freighters and many other 
ships, including a number of pleasure craft, 
now carry a marine radar. A device of this 
sort can provide information about other 
ships in the vicinity, shorelines, and the 
positions of buoys. Many buoys now have 
metal reflectors, which increase the range 
at which the buoys can be detected by 
radar, Shipping is often guided in harbors 
by means of shore-based radar systems. 
Through the use of radar, modern ships can 
run at full speed at night and in fog and they 
can maneuver in harbors with heightened 
confidence. 

The radar altimeter. The standard pres- 
sure altimeter, or altitude indicator, used on 
planes really measures atmospheric pres- 
sure. This pressure lessens as the altitude 
above sea level increases. Changes in pres- 
sure are indicated in the pressure altimeter 
jn terms of distance units. The less the pres- 
sure, the higher the altitude reading will be. 
This device is quite accurate in indicating 
the height of the plane above sea level. 
However, the terrain over which the plane 
is flying may be at a considerable height 
above sea level. In such a case, the plane 
may be dangerously close to the ground 
even though an altitude reading of more 
than 1,000 meters appears on the altimeter 


of the plane. N mt 
An accurate device to indicate the ac- 
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Above: a radar speed meter, used in motor-vehicle speed enforcement. The 
device consists of a spotlight-type antenna, a book-size chassis (not shown 
here), and a reading indicator (on top of the dashboard). The drawing at the 
right shows how the one-man method operates. Radio waves transmitted from 
the police car, P, strike the moving car and are reflected to the speed meter. If 
the reading indicates speeding, the police car pursues the offender and flags 


him down, In the two-man method, a police car with radar equipment wires to 


another car to intercept cars going over the speed limit 


tual distance from the ground is the radar 
altimeter, also called the radio altimeter. 
This shows the height above the ground by 
measuring the time delay of a radio signal 
that is sent out from a plane, bounced off 
the earth, and then received again on the 
plane. Such a device is accurate to within a 
meter or so at an altitude of a few hundred 
meters. The radar altimeter has even been 
used to measure ocean-wave profiles from 
planes flying over the ocean. 

Air-traffic control. Traffic-control radar, 
installed in the control centers of airports, 
helps to keep tabs on the goings and com- 
ings of planes and to control the flow of 
traffic in the air. A radar system known as 
ground-controlled approach, or GCA, is 
used to bring planes safely to earth when 
visibility is poor. The GCA radar is located 
near the end of the runway. Markings on 
the radar screen indicate the desired glide 
path. The oncoming plane’s course is in- 
dicated by a succession of blips which may 
or may not follow the markings on the radar 
Screen. In the older GCA systems, the op- 
erator would give continued instructions to 
the pilot by radio so that he could get on the 
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glide path and stay there. Once the plane 
was close enough to the ground so that the 
runway was visible, the pilot would land the 
plane on his own. The more advanced 
GCA systems make it possible to land a 
plane on his own. The more advanced 
pilot. GCA radar is now to be found at all 
major commercial and military airports as 
well as on aircraft carriers. 

Automobile traffic regulation, Cars €x- 
ceeding the speed limit can be detected by 
the radar speed meter, which is now used 
widely on highways and city streets. This 
device is a continuous-wave radar, trans- 
mitting continuously at a fixed frequency. 
The energy reflected from a moving car re- 
turns at a slightly different frequency to the 
radar because of the motion of the car. The 
radar measures the difference in frequency 
between the transmitted and reflected radi- 
ation and provides a continuous record of 
the vehicle’s speed. If the car is going over 
the speed limit, the operator radios ahead 
to a waiting patrolman, who stops the 
speeder. 

The same basic principle is applied in 
measuring by means of radar the speed and 


number of ; moving in both directions 
ona busy steet. The information obtained 
in this way is fed automatically to a central 
computer. 1: processes this information, as 
well as infomation obtained from other 
sources, and controls the operation of traf- 
fic lights sc as to provide the smoothest 
possible fix f traffic. 

Weath Jar. Raindrops vary in diam- 
eter from a st nothing for fog and mist to 
a few millimeters for a cloudburst. Radar 
wavelengt! three centimeters and less 
see all kin f rain quite well. Hurricanes 
are full of 1 and its distribution is deter- 
mined by t vind patterns. A three-centi- 
meter radar shows a beautiful pattern of 
echoes ou 160 kilometers or more as a 
hurricane es by. The “eye” of the hur- 
ricane can located, and its intensity can 
be predict The direction taken by hurri- 
canes is notoriously erratic, but tracking by 
radar provides as accurate an indication of 
a hurricane > future course as is now avail- 
able. 

The effective use of radar in weather 
prediction jy no means restricted to hur- 
ricanes. Rain and snow can be seen by 
radar in weather fronts long before they 
reach the area of the radar. As a result, the 


weatherman obtains reliable information 
about weather hundreds of kilometers 
away. He can tell many hours ahead of time 
when snow or rain will reach a given area 
and how hard the precipitation will be. New 
techniques in continuous-wave radar make 
it possible to indicate velocity distribution 
in storms; to measure horizontal and ver- 
tical air circulation; and to add to our 
knowledge of upper-level rain and hail 
Circulation patterns. 

Radar in the space program. Radar is 
used to track launching rockets and the 
space vehicles that constitute their payload. 
After a spacecraft—artificial satellite or 
space probe—is on its own, the radar beam 
locks onto it. It provides information to 
ground personnel concerning the range and 
velocity of the craft and makes it possible 
to direct it into the desired flight path. Often 
a space vehicle is guided in space not by 
ground personnel but by a self-contained 
inertial guidance system. This is sometimes 
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Hand-held radar. These devices are used by law en- 
forcement agencies to apprehend speeders. The sys- 
tem is portable and efficient. 


actuated by radar beams reflected from 
such celestial bodies as the moon or a 
planet. 

Radar astronomy. The increasingly ef- 
fective use of radar has led to the develop- 
ment of the branch of astronomy known as 
radar astronomy. Radar pulses are sent out 
into space. When they strike a solid body or 
a gaseous medium, the returning echoes 
provide much information about the celes- 
tial target. Thus radar signals that were 
bounced off the moon pinpointed details of 
the lunar surface long before the first close- 
up pictures of the surface were transmitted 
to earth by satellites and lunar landers. The 
streams of ionized gases emanating from 
the sun have been analyzed by radar. Radar 
beams have penetrated the clouds that hide 
the surface of Venus and have provided 
more accurate measurements of that planet 
than had hitherto been considered possible 
by astronomers. 

Radar astronomy has proved valuable, 
too, in the study of meteors. When a mete- 
orite streaks through the atmosphere, it 
leaves behind it a trail of ionized gas that 
can be detected by radar. By analyzing the 
radar echoes from meteor trails, observers 
can calculate the size, path, and velocity of 
the meteorites that produced these trails in 


the atmosphere. 
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A live broadcast involves planning, timing, and sophisticated equipment 


TELEVISION 


by Kenneth Harwood 


One of the more striking developments 
in the present century has been the amazing 
growth of television. Not available any- 
where on an established commercial basis 
before 1948, it has struct firm roots in many 
countries. Nowhere has its growth been 
more rapid than in the United States, 
Thousands of millions of dollars have been 
invested in the television industry. The vast 
majority of U.S. homes have at least one 
television set, as do many of the homes in 
many other developed nations. A wide vari- 
ety of programs comes in a steady stream 
from television studios, 

Though commercial televison is a 
comparative newcomer in the field of com- 
munication, its beginnings go back a good 
many years. In fact a primitive kind of 
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television system was designed by a U.S. 
inventor, C.R. Carey, as early as 1875. In 
Carey’s system the light reflected from an 
Object or scene would pass through a glass 
lens, as in a conventional photographic 
camera, It would fall upon a bank of pho- 
tosensitive electrical cells, which formed a 
sort of mosaic. Each cell in the mosaic 
would pass an electric current proportional 
to the amount of light falling upon it. A 
wire would lead from each cell to an elec- 
tric lamp in a bank or mosaic of lamps, 
Corresponding to the mosaic of photosensi- 
tive cells. 

Some of the lamps would glow brightly 
because strong light had fallen upon the 
photosensitive cells to which they were 
connected. Other lamps would glow feebly 


or not at al! because the light falling upon 
the corresponding photocells had been so 
faint. A rí ) outline of light and dark in 
the origina! scene would be reproduced ata 
distance f the photocells as a result of 
the select slowing of the electric lamps. 
An offsp: of this system is still in use 
today. Y< ve seen it in operation if you 
have ever ched the words of news bulle- 
tins para across a mosaic of electric 
lamps on outside of a newspaper build- 
ing. 

Of c Carey’s crude television 
system v ı far cry from those in use 
today. It \portant to note, however, that 
inthe Ca ystem (1) the image of a scene 
was brok p into little pieces; (2) the sep- 
arate piec f the image were transmitted; 
and (3) t ırts of the whole image were 
reassem| at the point of reception. 
Today’s | ision systems, too, are based 
on the prs es of (1) breaking up the orig- 
inal imag ) little pieces; (2) transmitting 
the piece id (3) building up the image 
anew, 

SCANNIN( SK 

Another important event in the devel- 
opment < levision was the introduction 
of a scanning device, consisting of a per- 


forated whirling disk. It formed part of a 
system of television patented by Paul Nip- 
kow in Germany in 1884. The scanning 
disk was a flat, circular plate, perforated 
with a spiral of small holes, each hole being 
alittle nearer the center of the disk than the 
One next to it. The object that was being 
viewed was set in front of the disk. Light 
from a lamp would shine on the object and 
be reflected through one hole at a time 
when the disk was rotated. One whole turn 
would scan all of the object. 

The light that had struck the object and 
had passed through the holes in the disk 
would activate a photosensitive selenium 
Cell behind the disk. It would create an 
electric current whose strength would vary 
with the amount of light reflected from the 
different areas of the scanned object. The 
Variations in current would pass along a 
Wire to a receiver that also contained a 
spinning disk. The disk in the receiver 


would be synchronized with the one in the 
camera—that is, it would be made to run at 
the same speed. The variations of current 
would be transformed in the receiver into 
the lights and shadows in the object that 
had been scanned. 

Nipkow was unable to construct a sat- 
isfactory receiver, because the variations in 
current in his television system were quite 
weak. Besides, the rate of rotation was too 
slow to permit the disk to provide a detailed 
picture. Nipkow’s patent lapsed because he 
did not have enough money to continue 
working upon his scanner. His contribution 
was important, however, because it paved 
the way to other, more successful, scanning 
systems. 


Hand-held cameras make on-the-scene broadcasting 
possible. Shoulder and hip rests help steady the cam- 
era so that the cameraman is free to focus and adjust 
the lens. Battery-pack is carried on his back. 
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Following the pioneer efforts of Nip- 
kow, mechanical scanning was gradually 
improved by various inventors. By 1926 it 
had been developed sufficiently so that a 
complete television system based on it 
could be demonstrated in England by John 
L. Baird. A few years later, the British 
Broadcasting System used Baird’s system 
as the basis for a series of experimental 
broadcasts. However, the pictures pro- 
duced by mechanical scanning were so im- 
perfect that the future of television did not 
appear bright. 


ELECTRONIC SCANNING 


When electronic scanning was devel- 
oped in the 1920s, an all-important forward 
step was taken. In 1923, Vladimir K. 
Zworykin, a Russian-American inventor, 
applied for a patent on the iconoscope, a 
radically new television tube incorporating 
the principle of electronic scanning. In this 
device, light reflected from an object passed 
through a glass lens and through the glass 
wall of the iconoscope tube. It fell ona mo- 
saic made up of hundreds of thousands of 
silver particles, coated with selenium to 
make them light-sensitive. The Particles 
were deposited on an insulating sheet of 
mica, When light struck these particles, 
electrons were emitted from them and each 
Particle would acquire a Positive electric 
charge proportional in Strength to the 


The image orthicon tube. 


amount of light falling upon it. On the back 
of the mosaic, a layer of conducting materi- 


al was deposited to form a signal plate, This 
plate would acquire negative charges pro- 
portional in strength to the positive charges 


on the mosaic. As a physicist would put it, 
the positive charges on the mosaic would 


induce equally strong negative charges on 
the signal plate. 

A fine beam of electrons from an elec- 
tron gun within the tube would be directed 
to the face of the mosaic. It would scan the 
image being televised, in a series of hori- 
zontal lines going from top to bottom. As 
the beam struck a positively charged par- 
ticle on the mosaic, it would neutralize it, 
and the corresponding negative harge on 
the signal plate would be released. The 
release of electrons from the signal plate, 
as the electron beam scanned the mosaic, 
formed an electric current that was led 
Outside of the tube through a wire. The 
current would flow from the signal plate 
with variations that would be proportional 


to the elements of light and dark in the 
image. This variable current would be 
amplified and then would be transmitted to 
a receiving tube, called a kinescope. The 
Kinescope also contained an electron gun. 
As the beam of electrons from this gun 
struck a specially coated surface, it would 
recreate the light and dark elements in the 
image. The resulting picture would be 
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much brighter and finer-textured than that 
produced by mechanical scanning. 

Other pioneers contributed to the de- 
velopment of electronic television in the 
1920s and 1930s, including Philo T. Farns- 
worth and Allen Dumont. When wholly 
electronic television emerged from labora- 
tory development in the 1930s, television 
definitely cast off its swaddling clothes. In 
1939, the National Broadcasting Company 
gave a series of public telecasts in an exper- 
imental station in New York and it staged 
television demonstrations at the New York 
World’s Fair in the same year. By 1941, a 
uniform, nationwide system was agreed 
upon for the United States. However, com- 
mercial development of the new medium 
was held up during the 1940s. It was not 
until 1948 that bona fide commercial opera- 
tion of television stations began in the Unit- 
ed States. Other countries also made im- 
portant contributions to the experimental 
development of television, and the commer- 
cial application of the medium spread to 
many countries in a short time. 

In 1950, the Federal Communications 
Commission (FCC) of the United States 
approved a system of color television de- 
veloped by the Columbia Broadcasting 
System (CBS). It was based, at the time, on 
a mechanical system for breaking a picture 
down into three primary colors. It was not 
compatible. That is, it could not be used to 
provide black-and-white pictures on con- 
ventional sets. As a result, there was wide- 
spread criticism of the system, and the 
FCC withdrew its approval. In 1953, the 
FCC officially endorsed a compatible, elec- 
tronic system of color television perfected 
by the Radio Corporation of America 
(RCA). This is the system used today. 
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PICKUP TUBE 


A television program is based on the 
moving images recorded by a specially 
designed camera—one containing the 
pickup tube in which scanning takes place. 
At first, the iconoscope tube was used for 
this purpose. It was comparatively insensi- 
tive, however, so that extremely powerful 
lights had to be used in television studios 
to produce satisfactory results. The heat 
generated by these lights made the studios 
uncomfortably hot. To provide relief, ex- 
pensive air-conditioning had to be installed. 

Image orthicon. The iconoscope has 
now been quite generally replaced by 
various types of improved tubes. The 
standard tube in the United States for tele- 
vision cameras is now the image orthicon. 
Since it is much more sensitive than the 
iconoscope, less light is required in studios 
than formerly. Less heat is generated and 
working conditions have greatly improved. 
The image orthicon has also resulted in cut- 
ting costs, since less light is needed and 
less heat has to be removed. 

This is how a television camera 
equipped with the image orthicon tube 
works. Light from the subject that is being 
televised passes through a lens and through 
the transparent glass face of the image 
orthicon. It then strikes a thin semitrans- 
parent light-sensitive photocathode inside 
the tube. The photocathode is photoemis- 
sive—that is, it emits electrons when struck 
by light. These electrons are given off from 
the other side of the photocathode. 

Bright parts of the image cause many 
electrons to be emitted from the back of the 
photocathode, while dark parts of the image 
result in little or no emission. The electrons 
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coming from the photocathode are drawn to 
an electrically conductive target plate 
through the fine wire mesh of a positively 
charged target screen. Most of the elec- 
trons pass through the mesh and strike the 
front of the target, causing the emission of 
secondary electrons. The secondary emis- 
sion is collected on the wire mesh of the 
target screen and is drawn away. This 
leaves the target plate positively charged 
because of the loss of electrons due to the 
secondary emission. The strength of the 
Positive charge at each point on the target is 
Proportional to the brightness of the light 
which struck the Corresponding points on 
the photocathode. 

A narrow beam of electrons from an 
electron gun is directed to the back of the 
conductive target plate. Upon striking a 
given place on the target, the beam loses 
electrons until the Positive charge on the 
target is neutralized at that point. The 
remaining electrons in the beam are re- 
flected from the target. As the beam scans 
the target, it loses more or fewer electrons, 
according to the amount of positive charge 
at each point. These variations in the 
reflected beam are called modulations. The 
return beam itself is called a video signal. 

When the reflected beam reaches the 
vicinity of the electron gun that emitted the 
original beam, it Passes through an electron 
multiplier section. This is made up of a 
series of collecting plates, called dynodes. 
As the beam passes through each dynode in 
turn, a secondary emission of electrons 
Strengthens the video signal. Finally the 


TELEVISION 


Photoconductor 


Electron beam scans 
back of photoconductor 


Transparent 
signal plate 


n gun 


greatly amplified signal is passed out of the 
tube, 

Vidicon. The image orthicon is far 
more sensitive than the iconoscope and is 
widely used in the United State However, 
for certain purposes it is at once too bulky 


and too costly. A smaller and « heaper tele- 


vision camera, called the vidicon, has been 
developed for these purposes. 

When the vidicon televises a scene, 
light reflected from the scene enters the 


tube through a lens and through the tube’s 
clear glass faceplate. On the inside surface 
of the faceplate is a thin film of tr insparent 
conducting material which acts as a signal 
plate. A thin layer of photoconductive ma- 
terial is deposited on the back of this signal 
plate. This material shows a sharp increase 
in electrical conductivity when it is struck 
by light. Light Passes from the faceplate 
through the signal plate to the photocon- 
ductive material. Wherever this light strikes 
the photoconductor, it causes electrons to 
flow toward the signal plate, leaving a posi- 
tive charge on the back of the photoconduc- 
tor. The strength of the positive charge at a 
given point on the back of the photocon- 
ductor is Proportional to the brightness of 
the light striking the front side at the corre- 
sponding point. 

A beam of electrons from an electron 
gun scans the rear surface of the photocon- 
ductor, losing electrons in accordance with 
the strength of the Positive charge that it 
neutralizes at each point. As a positive 
charge is neutralized, electrons equal in 
number to those that were lost from the 


electron beam flow from the front side of 
the photoconductor through the signal 
plate. They form a video signal which is 
amplified outside the vidicon tube. 

The vidicon is particularly sensitive 
because photoconductive material pro- 
duces a much stronger current of electricity 
than photoemissive material when a unit of 
light strikes it. Hence it is not necessary to 
put an expensive electron-multiplier sec- 
tion in the tube, and the glass envelope may 
be quite small. The vidicon tube has one 
disadvantage, however: there is a slight lag 
in response when the illumination changes. 
As a result, when there is much action 
within a live scene, the picture obtained 
with the tube may appear to smear slightly. 

Because of its small size and compara- 
tively low cost, the vidicon is much used in 
industry to televise equipment, documents, 
instrument readings and people. It has also 
been widely adopted in the broadcasting of 
motion-picture films, such as those so fa- 
miliar in “late shows.” It serves for certain 
types of on-ihe-scene televising. However, 
itis seldom used for televising vigorous live 
action, because of the slight delay in its re- 
sponse to changes in lighting. 


SCANNING AN IMAGE 


_ The scanning that goes on within an 
image orthicon or vidicon tube is the most 
vital part of the image-recording operation. 
Upon it depend the clarity and the texture 
of the pictures that appear on the screen of 
the television receiver. In the modern 
Pickup tube, scanning takes place as the 
beam of electrons from the electron gun is 
guided by a series of electromagnets. These 
are wire coils, called deflection coils, set 
around the tube. They become magnets 
when current flows through them. 

In scanning an image, the beam begins 
at the upper left corner. After it has moved 
across the first horizontal line from left to 
right, a blanking signal cancels its effect. 
The blanked-out beam then moves to the 
left and slightly downward with respect to 
the first line. Thus it leaves a blank line that 
will be used later by the beam, as we shall 
see. After the blanked beam reaches the left 
side of the picture, the blanking signal is 


discontinued. The active beam then begins 
to scan another line, moving from left to 
right. The processes of active scanning 
from left to right and of blanked retracing 
from right to left continue until the beam 
reaches the bottom of the picture. It has 
now completed a half-picture, also called a 
field. 

To produce the second half of the pic- 
ture—the second field—the beam returns 
to the top. It now begins to interlace the 
lines of the second field between the lines of 
the first. It scans actively from left to right 
and is blanked out as it moves leftward. 
When it comes to the bottom of the image, a 
complete picture, or frame, consisting of 
two interlaced fields, has been created. An 
entirely new frame is then begun from the 
upper left corner of the picture. 

The total number of lines in a frame 
varies in different parts of the world. In the 
United States there are 525 lines for every 


In scanning, the electron beam begins at the upper 
left-hand corner and traces a line from left to right (A). 
Then the beam is blanked out while it retraces, so that 
it can begin a second line. This leaves a blank line, 
which will be used later by the beam (B). After the ac- 
tive lines of one field have been traced, the active 
lines of a second field are interlaced between those 
of the first, thus forming one full frame. 
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frame. Each half-picture, or field, consists 
of 2623 lines. In the television systems of 
most European countries there are 625 
lines per frame, and elsewhere there are 
still other scanning standards. The more 
lines, the greater the detail in a given pic- 
ture. Actually, however, the eye sees al- 
most no difference between an image of 525 
lines and one, say, of 625 lines, 


ILLUSION OF MOTION 


Each frame really represents a still 
picture of the scene in front of it. In the 
United States, thirty such pictures are 
taken every second. These still pictures 
Create the illusion of continuous motion 
when they are reproduced in a television 
receiver. This is because of persistence of 
vision—that is, because the eye retains a 
visual image of an object for a fraction of a 
second after the object is no longer visible. 
Because one frame follows the previous 
One so quickly, persistence of vision lasts 
long enough to bridge the gap between one 
frame and the next. 

The motion-picture camera, too, takes 
a number of still pictures of the scene in 
front of it. It takes twenty-four frames a 
second, and these twenty-four changes of 
picture suffice to give the human eye the 
impression of movement in a scene. A 
thirty-frame-per-second standard has been 
chosen for television in the United States 
in order to adapt it to the number of 
hertz—that is, sixty—of alternating current 
in that country. One television frame is 
created for each two cycles of electricity. 
Because households in Europe use fifty- 
cycle alternating current, television cam- 
eras there are made to produce twenty-five 
frames a second. 

In the United States, then, the electron 
beam of a television camera scans 525 lines 
thirty times a second—a total of 15,750 
lines every second. As the beam scans each 
line, it changes in strength according to the 
amount of brightness in the image at each 
point on the line. If each line has 700 such 
Points and if the beam scans 15,750 lines in 
One second, it means that 11,025,000 pic- 
ture elements will be created in that period 
of time. 
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TELEVISION STUDIO 


In the typical television studio, two or 
more cameras with pickup tu are used 
for live pickup. The cameras also be 
used on location away from > studio, 
Each camera has revolving ti s, Which 
bring different lenses into posi! +», so that 
different shots, ranging from | distance 
to close-up, may be obtain Special 
zoom-type lenses make it sible to 
change the desired focus whil picture 
is on the air. Ali the cameras ire used 
to record a scene operate c nuously, 
The pictures that they take ar 1own on 
different monitors or televi: receiver 
screens, in the control room, | director 
selects the particular picture th to goon 
the air at a particular time, He iches to 
other pictures as he deems bes any dif- 
ferent effects, such as superi: ing one 
picture on another, upside dov ictures, 
gradual fading, and so on, can b oduced, 
BROADCASTING SOUND 

The sound that accompan he pic- 
tures in television is handled | ifferent 
equipment—microphones, am; rs, mi- 
crophone volume controls, and on. As 
the sound waves are recorded in ihis way, 


they are transformed into varying electric 
Current—the audio signal—which will be 
transmitted together with the video signal. 
There may be a variety of sound sources: 
those originating in the studio or on loca- 
tion and recorded by means of micro- 
Phones; the voice of an announcer speaking 
into a microphone in his booth; disk record- 
ings; tape recordings: and so on. 


ACCESSORY SIGNALS 


Picture information by itself will not 
make the beam of electrons in the picture 
tube of the television receiver at home 
duplicate the actions of the beam in the 
camera tube. Other information must be 
added to the video signal in order to make 
the beam in the Picture tube of the receiver 
Scan from left to right at the proper rate; 
blank out the beam as it moves leftward to 
begin a new line; begin each new line at the 
Correct time and place; begin each field cor- 
rectly; and begin each frame properly. Ac- 


Elaborate 
needed f 
today's r 


> less light 


c ire added to the picture in- 
formation for the purpose of doing all these 
things. Picte information and accessory 
signals together make up the complete 
video signal 
Blank 


cessory sigi 


pulses in the video signal 
cause the electron beam of the television 
receiver tube to be blanked out as the beam 
moves from the end of one line to the begin- 
ning of the next line; from the end of one 
field to the beginning of the next field; and 
from the end of one frame to the beginning 
of the next frame. Synchronizing pulses 
keep the beam in the receiver tube in step 
with the beam in the camera tube. Equaliz- 
ing pulses act like the ticking of a clock to 
assure accurate timing of the synchronizing 
pulses. Driving pulses time the action of the 
Camera tube to allow for the time it takes 
for the video signal to go from camera tube 
to receiver picture tube. 


TRANSMISSION OF VIDEO AND AUDIO 


Some video and audio signals are sent 
by wire directly to the television receiver 
without going out over the air. The picture 
tube and the speaker in the receiver trans- 
form the electric energy of the video and 
audio signals into light that you can see and 
Sound that you can hear. — 


F.P.G 


tudio lights. At one time, the lighting set-up 
comfortable to the cast and crew members. But 


More often, however, the video and 
audio signals are sent to a transmitter, 
which changes them into radio waves. 
These waves are then sent out over the air 
and are intercepted by home antennas. 

Coaxial cables. If the distance from 
television studio to transmitter is short, the 
video and audio signals may be sent by 
wire. Where the signals must be sent over 
long distances, other arrangements are nec- 
essary. This happens, for example, when 
two television stations at a great distance 
from one another broadcast the same pro- 
gram at the same time—a program originat- 
ing at one of these stations. The video and 
audio signals may be sent out from the 
originating station to the other one by coax- 
ial cable. The coaxial cable contains sever- 
al coaxial tubes (generally eight). These 
copper tubes are hollow and each has a 
copper wire running down its center. The 
tubular part is the outer conductor. The 
wire is the inner conductor. It is held in 
place within the tube by means of spaced 
insulating discs. The inner and outer con- 
ductors have a common axis, or center, and 
that is why the tube is called coaxial. The 
large surface area of a coaxial tube is able 
to carry the large amounts of information 
contained in a video signal. 
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The coaxial cable weighs less and is 
cheaper to make than a large solid wire of 
comparable size. The television signal car- 
ried over the cable is strengthened in the 
amplifiers of repeater stations at intervals 
of about 13 kilometers. The cable is buried 
in the ground to protect it from storms, 
fires, falling trees, and other aboveground 
dangers. 

Microwave relays. Television signals 
may also be transmitted over long distances 
by means of a series of microwave relay 
towers. First a microwave transmitter 
changes the electrical video and audio sig- 
nals into a microwave signal. Microwaves 
are very short radio waves. These kinds of 
radio waves are not received by television 
sets in homes. 

The newly produced microwave signal 
goes to the top of a tower. Here a horn- 
shaped or dish-shaped antenna makes it 
into a narrow beam. It then directs the 
beam to a receiving antenna of similar 
shape on the tower of the next relay station, 
perhaps 50 kilometers away. In the relay 


In a control room, a crew member decides what 
image to broadcast. Several cameras send images 
to his booth; he can switch images instantaneously. 
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station, the radio signal is natically 
amplified and directed through a transmit- 
ting horn or dish to the next er in the 
series, One television progr: nay pass 
through more than a hundred y towers 
on its way to its destination. V t arrives 
in a television broadcastin ion, the 
microwave signal is changed from radio 
energy back to the electrical gy of the 
video and audio signals. The deasting 
transmitter then changes th lectrical 
signals into radio signals may be 
received by the ordinary tele 1 setina 
home. Microwave relay sys have re- 
placed coaxial cables in distance 
transmission of video signals 

When a very short radic such as 
a microwave is directed sky Imost all 
of its energy passes out into A little 
of the signal, however, is ber k toward 
the earth. The weak signal is t cattered 
forward beyond the transmitt horizon. 
The signal may be received by irge radio 
antenna having a strong am; Micro- 
waves may be transmitted in this way from 
One station to another, pert several 
hundred kilometers from the first. This type 
of transmission is called fori catter or 
tropospheric-scatter transmis It is so 
called because the microwa\ gnals are 
scattered into the troposphere, the part of 


the atmosphere that extends from the 
earth’s surface upward to a distance of 10 
kilometers or so. As a matter of fact, even 
an ordinary television broadcast signal, 
hundreds of kilometers from the transmit- 
ter, may be received on rare occasions 
because of unusual tropospheric scatter. 
Two tropospheric-scatter stations several 
hundred kilometers apart can do the work 
of many microwave relay stations that 
would be needed to span the same dis- 
tance. Tropospheric-scatter transmission is 
especially useful in passing expanses of 
water which are wider than the reach be- 
tween two microwave stations. 

Video signals that have been turned 
into microwaves may be transmitted over 
Particularly long distances by com- 
munication satellites. : 

In the near future, signal transmission 
may be via laser beam. 


RECORDING SIGNALS 


signals may be recorded by video 
e use. 


Video-tape recorders make a record of 


the varied magnetic patterns that video sig- 
nals leave on a strip of plastic tape which is 
coated with fine particles of iron oxide, 


Video-tape recorders record and play back 
both sour ind picture. Copies can be 
made of video tape by playing the record- 
ings through one machine to other record- 
ers, each of which produces a tape copy. 


Tapes are used for prerecording programs, 
for delayed program transmission, for 
reruns of programs, and so on. A video-tape 
recorder is called a VTR for short. 


THE BROADCASTING OF TELEVISION 
PROGRAMS 


The video signal, in the form of elec- 


tric energy, has now arrived at the televi- 
sion broadcasting station, from which it will 
be sent over the air. The transmitter con- 
sists of two basic parts. One of these turns 
the electrical video signal into an AM 


(amplitude-modulated) radio signal. At the 
same time, the other part of the transmitter 
changes the audio signal into an FM 
(frequency-modulated) radio signal. The 
AM radio signal, representing the picture, 
and the FM radio signal, representing the 
Sound, come together in a device called the 
diplexer. This combines the two signals and 
sends them up the broadcasting antenna. 
The latter increases the strength of the 
radio signals by concentrating them in a 
horizonal plane as they pass out of the an- 
tenna on their way through space to home 
television receivers. The gain in strength of 
the signals in passing through the antenna 
May range from tenfold to fortyfold. 

Invisible and inaudible, the radio sig- 
nals of a television broadcast travel with 
the speed of light, some 300,000 kilome- 
ters per second, vibrating to and fro mil- 
lions of times during that brief period of 
time. Each double vibration makes up a 
cylce, and the number of hertz, or cycles 
Per second, is called the frequency. 

Radio signals for television have a 
frequency of from 54,000,000 hertz, or 54 


Photair 


A transmitter in one of France's mountainous regions. 
Television signals can be relayed electronically, by 
microwave, and, maybe soon, by laser. 


megahertz to 890,000,000 hertz, or 890 
megahertz, depending on the channel that 
has been assigned to them. 

Radio signals in television channels 2 
to 13 have frequencies between 54 mega- 
hertz and 216 megahertz. Since such sig- 
nals vibrate at very high frequencies, they 
are called VHF, or “very high frequency,” 
signals. Signals in channels 14 through 83 
have frequencies of between 470 megahertz 
and 890 megahertz a second. They are 
called “ultra high frequency,” or UHF, 
signals. 
Both VHF and UHF signals act much 
like light, not bending much around the cur- 
vature of the earth and being blocked by 
structures and hills. Hence their range is 
limited. Television broadcasting antennas 
are placed on tall towers standing on high 
ground, so that the radio signal which car- 
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ELECTRONIC CIRCUIT OF A TELEVISION TUBE 
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In the television kinescope, or picture tube, an elec- 
tron beam faithfully reproduces the scanning action of 
a television camera to produce images on a light-sen- 
sitive screen. 


ries the television program may travel as far 
as possible before the curvature of the earth 
causes it to go off into space. 

A radio signal that carries a television 
program must vibrate within a fixed number 
of megacycles so that it may remain within 
its channel and avoid interfering with sig- 
nals in the channels that are on either side 
of it. 

In the United States, each channel has 
a range or bandwidth of six megacycles. 
For example, Channel 2 includes the 
frequencies between 54 and 60 megahertz. 
Within this precise range of radio frequen- 
cies must be encoded the picture informa- 
tion, the accessory signals of the Picture, 
and the information about the sound ac- 
companying the picture. 


RECEIVING THE SIGNAL 


A prominent feature of many towns is 
the forest of television antennas mounted 
on roofs or chimneys. These devices pick 
up broadcast signals and lead them to 
receivers, Indoor antennas are feasible only 
if the broadcast transmitter is near at hand. 
The signal is weakened as it speeds farther 
out in space, and outdoor antennas are then 
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required to intercept it proper v The orien- 
tation of an antenna and its si ave much 
to do with the clarity of the picture that is 
received on the screen of the ʻeceiver, 

After the radio signal es into a 
receiving antenna, it travels fr t through 
a lead-in line of two paral wires or 
through a coaxial cable and then enters the 
television receiver. Here it is amplified and 
is used to guide the vibrations of an elec- 
trical oscillator. The signal which traversed 
space in the form of electromas «tic energy 
is now again in the form electrical 
energy. This electrical versio the radio 
signal is separated into a video signal which 
guides the action of the kinescope, or pic- 
ture tube, and an audio al which 
guides the action of the speak 

A diagram of the picture tube is shown. 
In this device an electron directs a 
beam of electrons to an electr ninescent 
coating on the inside face of tube—a 
coating that emits light in re ise to an 
electrical field. Electrolumin scent par- 
ticles are known as phosphor: lence the 
electroluminescent coating on the inside 
face is sometimes called the phosphor coat- 
ing. 

Around the neck of the television tube 
is a yoke of deflection coils, « ying cur- 
rents that bring about magnetic ñelds. It is 


these fields that guide the electron beam as 
it passes from the electron gun to the screen 
of the tube. The blanking and synchro- 
nizing information that formed part of the 
original video signal causes the movements 
of the kinescope beam to follow faithfully 
the scanning action in the television camera 
tube. 

Each point on the electroluminescent 
coating in the kinescope will glow just 
enough to reproduce the brightness of the 
Same point in the image that is being 
scanned by the electron beam in the cam- 
era tube. Meanwhile the audio signal has 
caused sound to be produced through the 
loudspeaker, , 

In receivers manufactured in the Unit- 
ed States, when the video signal is weakest, 
the screen of the picture tube appears to be 
brightest. If no picture information at all is 
being received, the face of the tube is com- 
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A color-tel¢ n picture tube. 
pletely b This is called negative pic- 
ture tran sion. The picture is said to be 
in negati icture phase. Positive picture 
transmission is used in some other coun- 
tries. In positive transmission the face of 
the pictur. tube receiving tube appears to 
be darkes! when the picture information in 
the video signal is weakest. The viewing 
face of the ‘ube is completely dark when no 
picture information is being received. 
Some: mes a dim copy that is slightly 
to one side of the main image will appear on 
the face of ihe picture tube. The dim copy is 
called a ghost, or ghost image. It results 
when some parts of a radio signal take 
longer to <i to the receiver than other parts 
because, ‘>stcad of proceeding in a straight 
line, they have been deflected by interven- 
ing obsta . such as buildings. Now and 
then, random radio signals in the receiver 
will produce snow—that is, white spots ina 
black and white picture. In color pictures, 
random spots of different colors are known 


as confetti, The spots are often due to pass- 
ing automobiles. The sparking action of the 
spark plugs in the motors of these cars 
creates weak electromagnetic waves, which 
affect television receivers. 


COLOR TELEVISION 


Color television has made imposing 
Progress since the 1950s. It is based on 
three primary colors—red, green, and 
blue—which can be mixed together so as to 
Produce any visible color. 

There are three tubes in the color 
television camera, Light from the scene 
that is being televised passes through a lens 
and then through three mirrors, known as 
dichroic mirrors, which serve as filters. 
Each permits the light of one of three 
Primary colors—red, green or blue—to 
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Details of a shadow mask and color triads (groups of 
three phosphors) in a typical color television picture 
tube. 


pass into one of the three camera tubes, 
while it reflects the other colors. Each cam- 
era tube then scans the image of one of the 
primary colors. The three picture signals 
that result are transmitted over the air and 
reach the color television receiver. The pic- 
ture tube of this receiver contains three 
electron guns. Each of the three picture sig- 
nals that had been sent out over the air con- 
trols the action of one of the electron guns. 

On the inside of the receiver faceplate 
have been deposited many thousands of 
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dots of electroluminescent material in 
groups of three, each group making up a 
triad, or triplet. One dot in each triad glows 
only when it is activated by electrons of the 
beam that reproduces the red image; an- 
other, when it is acted on by the green- 
image beam; the third, by the blue-image 
beam. 

A shadow mask—a perforated metal 
plate—is set near the inside of the face- 
plate, as shown. The three electron beams 
pass through the holes in the shadow mask 
and strike the triads. The mixture of light 
from the glowing of properly activated 
triads on the face of the picture tube 
produces colors. These correspond to the 
colors that were picked up by the three 
tubes in the color television camera that 
originally took the picture. 


THE FUTURE 


Present trends in television give some 
idea of what the future will bring in the de- 
velopment of the medium. Through the 
years, television sets have grown thinner as 
the neck of the picture tube has been short- 
ened. Receivers of the future should be 
even less bulky as semiconductor chips re- 
place many of the electrical parts. 

It is likely that the next generation of 
television receivers will process audio and 
video signals in the form of digital data. 
Using microprocessors like a computer, the 
set will automatically adjust itself to pro- 
vide superior fidelity. Digital receivers 
could also be programmed to show pictures 
from two channels simultaneously, store or 
freeze frames, and decode text transmis- 
sions that are broadcast along with the TV 
image. 

As television cameras and video tape 
recorders become simpler, smaller, and less 
costly, more and more people are making 
their own television recordings, just as 
many people make magnetic sound record- 
ings at home today. 

Cable television (CATV) is a system 
of transmitting pictures through cables, in- 
stead of through space or air by means of 
microwaves. Receivers are assured of 
clear images that are not affected by all 
kinds of outside interference. CATV has 
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Colorpicture tubes differ. While the conventionalU,s, 
picture tube (right) has ashadow mas} it produces 
points of color, some European sets h a structure 
that produces lines of color (left) 
been generally successful, and it may be- 
come the prime mode of television broad- 
casting sometime in the future 

Worldwide television coverage has 
been greatly aided by a number of artificial 
communication satellites orbiting the earth. 
Television has also succeeded beaming 
dramatic scenes of space exploration. 
Television sets are mass-produced. This group of 
colorsetsis undergoing tests at a qual ontrollab- 


oratory. 


technique 


PHONOGRAPH RECORDS 
AND RECORDING 


by Robin Lanier 


The phonograph recording, invented 
before the n of the century, has held on 
to its popularity in our living rooms in spite 
of the enormous successes of radio, televi- 
sion, ar itely, the videocassette re- 
corder, f which have brought new 
forms of ertainment into the home. In 
recent yi phonograph records have 
grown more popular than ever. 


The son for the lasting hold of pho- 


nograph rds on our loyalty is mainly 
the very broad range of material they offer 
and the total selectivity of the system—that 
is, the buyer gets exactly what he or she 
wants, can play it whenever it is 
wanted Music covers the whole 
range thr ical, to jazz, pop, rock, 
and Broa ; and spoken material 
includes plays, language instruction, and 
many other specialized kinds of programs. 
Virtually any kind of sound that a number 
of people might want to hear over and over 
has been put on records. Historical events 
are an portant source of material— 
speeches, political happenings, and ac- 


counts of disasters, such as the famous eye- 
witness report of the burning of the great 
airship Hindenberg at Lakehurst, New Jer- 
sey, in 1937 


HOW THE PHONOGRAPH RECORD 
WORKS 


Sound is a train of pulses in air pres- 
Sure that travel from the source to the lis- 
tener’s ears. We can call them vibrations of 
the air. The ear responds to such vibrations 
Over a range of rates, or frequencies, but 
Not to vibrations outside that range. If the 
vibration is no slower than about 20 times 
Per second (20 Hertz, or Hz) and no faster 
than about 20,000 Hz, the ear sends a sen- 
Sation of sound to the brain. 

The pitch of the sound depends on the 
frequency. From 20 Hz up to about 200 Hz 
is the bass range. Middle C is at 256 Hz. 
From that point up to about 1,500 Hz is the 


middle range. The treble is at the higher 
frequencies. The pitch of musical instru- 
ments ends at about 4,000 Hz. Above that 
are the overtones, the very high notes that 
give the particular quality to music sounds, 
distinguishing a note on the violin, for ex- 
ample, from the same note on the piano. 

To record the sounds for a phono- 
graph, the vibrations must be used to lay 
down a solid track of some kind on a mov- 
ing disc, with the vibrations causing a back- 
and-forth or other motion. When the disc is 
revolved again at the same speed, the back- 
and-forth twists or the indentations in the 
solid track can cause some sliding or ‘‘read- 
ing” device to vibrate or produce electrical 
pulses at the original frequencies of the 
sound. The electrical impulses are strength- 
ened and sent to the loudspeaker to be re- 
converted into sound. 


Records made sound an object—something that 
could be carried from place to place and sold. 
J.P. Leloir 
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THE FIRST PHONOGRAPHS 


Thomas A. Edison built the first pho- 
nograph in 1877. It was a cylinder covered 
with tinfoil and turned by a hand crank. 
Held just above the surface of the tinfoil 
was a diaphragm, a very thin, flexible disc, 
with a needle fastened to its center. When 
sound was directed to the diaphragm, it 
would vibrate in step with the sound. If the 
cylinder was turned at the same time, the 
needle, moving up and down, would cut a 
track in the tinfoil with hills and valleys. 
When the cylinder was rewound and 
turned, with the needle sliding along the 
track, the hills and valleys would push the 
needle, and thus the diaphragm, up and 
down. The diaphragm pushed the air off 
into a series of vibrations that were a close 
copy of the original sound. 

The tinfoil phonograph, as the first in- 
strument that ever preserved sound for re- 
play, was praised highly in newspapers and 
magazines, but it could not become a prod- 
uct that people could buy for themselves. 
The tinfoil recordings could not be dupli- 
cated, and soon wore out. Turning the cyl- 
inder by hand gave an unsteady speed, and 
the pitch of the music wavered up and 
down as a result. 

Edison later developed a system for re- 
cording on wax cylinders, which could be 
duplicated, and the ‘Edison cylinders” 
were quite successful for a number of 
years. The speed problem was solved by 
turning the cylinder with some form of 
motor. 

But the advance in the phonograph 
that made it the basis of a great industry 
was the flat disc recording, the idea of 
Emile Berliner of Washington, D.C. We are 
using the Berliner system still today, with 
many improvements. By cutting the sound 
track as a spiral in the flat disc, Berliner 
made a recording that could be duplicated 
in great quantities at low cost. The first 
Berliner discs were pressed in hard rubber 
in 1896. 

Another important figure in making the 
early phonograph a success was a business- 
man-engineer named Eldridge R. Johnson. 
He took the Berliner disc system, mounted 
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the machines in attractive boxes, and de- 
veloped a spring motor that turned the disc 
at a steady speed. His company, the Victor 
Talking Machine Company (later RCA-Vic- 
tor), sold machines and records by the 
many thousands starting around 1910. He 
had the foresight to give his system glam- 
our by inviting the most famous singers of 
the day, such as Enrico Caruso and other 
opera stars, to make the recordings. 


THE COMING OF ELECTRICITY 


The early phonographs were all 
acoustically powered, that is, the power 
that cut the sound tracks came from the 
sound itself, and the playback system went 
directly from the needle and diaphragm as- 
sembly into sound. Musicians had to clus- 
ter around large horns that collected as 
much sound as possible for the recording 
machines. Although acoustic recordings 
were very successful on the market, they 
were quite tinny and muffled in sound qual- 
ity. People liked them because even that 
approximate realization of the original 
sound was exciting. 

Around 1925, the limitations of acous- 
tic recording were swept away by the in- 
vention of the microphone and of electrical 
sound recording and reproduction. The mi- 
crophone can respond to very weak sounds 
and turn them into electrical impulses that 
can then be amplified to any power level 
wanted. So the musicians could move away 
from the microphone into a normal arrange- 
ment, and all the instruments recorded in a 
balanced way. 

The playback system also was soon 
electrified, with the sliding needle con- 
nected to an electrical generating device in 
the pickup. As the needle vibrates in re- 
sponse to the side-to-side motions of the 
track, the pickup generates corresponding 
electrical impulses, which again can be am- 
plified and controlled precisely. 

Electrical recording opened the way to 
a steady stream of improvements in fidelity 
through the 1930's and 1940's. The faithful- 
ness of the recorded sound kept improving. 
A most important improvement came wit 
microgroove recording in 1948. Early Te- 
cordings had a standardized revolving 


B 

Shure Brothers, Inc. 
A magnetic reo cartridge, used in a dynamic 
pickup syst he diagram shows how such a sys- 
tem works, A stylus, is connected by a shank, B, to 
a permanent gnet, C. C can move freely between 
wire coils L j EE, wrapped around U-shaped in- 
terlocking cor As A passes over the record groove, 
its motion ected by the patterns on the two 
groove wal iations in stylus motion are transmit- 
ted to perry t magnet C. As the latter moves, cur- 
rent is ger ed in coils DD and EE. The current 
passing thr: DD corresponds to the pattern of one 
wall of the r J groove; the current passing through 
EE correspc o the pattern of the other groove wall. 
The electric ut of the currents is amplified and it 
Passes to peakers. 
speed of 7 revolutions per minute. This 
meant tha’ about four or five minutes of 
music was ali that could be put on one side 
of a disc. This was the reason for the pop- 
ularity of the record changer, which played 


a stack of records automatically. 

Inventor Peter Goldmark at Columbia 
Records changed all that with microgroove 
records, which had a much finer groove on 
the record, for high fidelity, and more 
grooves per centimeter, and which also 
turned at the slower speed of 334 rpm. The 
combined result was a capacity for up to a 
half hour of music on each side of the disc. 
Getting so much music on one record 
Stirred the record buyer greatly, and the 
record industry enlarged several times over 
in the next years. 

Another big step was the advent of 
stereophonic recording on discs in 1957. In 
a stereo recording there are really two sep- 
arate recordings of the same music, picked 
up from different positions, or at different 
angles, in the recording studio. Normal 
hearing gets two slightly different accounts 
of the same music because of the separation 


of the two ears on the head. A sound at the 
right, for example, arrives at the right ear a 
little sooner and a little stronger than it 
reaches the left ear. 

These small differences are used by 
the hearing system to give us a sense of the 
direction the sounds are coming from, and 
also of the space around the sounds with its 
reverberation, or echoes, The reverbera- 
tion adds measurably to the power and 
vibrance of the music. 

By recording two separate versions of 
the sound and sending each to a different 
loudspeaker, stereo recording can supply 
much of the directionality and spaciousness 
of the original. It is not a perfect replica of 
the original, but it is far closer than one- 
channel, or monophonic, recording. Vir- 
tually all reproduced sound is in stereo 
today because it is, indeed, far more satis- 
fying than ‘‘mono” sound. 

In the early 1970's, there were several 
attempts to make a commercial system of 
four-channel, or quadraphonic, sound on 
discs. This can come even closer to the 
original spaciousness and directional quali- 
ties in the music. However, four-channel 
recording on discs did not succeed in the 
market, largely because of intense compe- 
tition among different methods. One form 
of quadraphonic reproduction is flourishing 
—movie sound, in the system called Dolby 
Stereo used in many movies today, as an- 
nounced on theater marquees. 


A NEW DISC SYSTEM 


In 1983 a totally new kind of phono- 
graph disc just began to reach the market. 
It showed promise of taking over the sup- 
plying of recorded music in the home 
within the next several years, as people buy 
the new machines and records. It is called 
the Compact Disc, and it uses two technical 
systems: digital recording and laser beams 
for making the record and playing it. 

All recording until the recent advent of 
digital recording has been analog record- 
ing. This name derives from the fact that 
the ups and downs of the electric current, 
the swings of the track on the record, are 
in a sense pictures, or analogs, of the vibra- 
tions of the sound waves. When a sound 
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One version of the Compact Disc player, with an 
accessory remote control device. 


wave rises to a certain height, the track on 
the record swings to its height at the same 
rate, so the solid wave in the record track 
would have the same shape as the original 
sound wave. 

Digital recording is completely differ- 
ent. The original analog electrical impulses 
from the microphone, representing the 
sound, are broken up into many thousands 
of tiny samples. Each sample automatically 
gets a number that tells how strong the 
electrical signal was when the sample was 
taken. 

These numbers are in binary notation, 
using only 0 and 1 ( or “on” and Soa) 
just as the numbers in digital computers. 
The numbers can be carried through the re- 
cording process as an extremely fast stream 
of 0’s and 1’s, or “bits.” When we want to 
Tecover the original sound, the numbers tell 
us specifically and quite precisely how 
strong the original sound was at every in- 
stant, and we can reconstruct the sound 
with the proper equipment. 

The advantages of digital recording 
come from that very fact, that a number is 
Specific—it cannot be a little less or a little 
more than it should be. Analog recording 
has always had more or less “‘slippage,”” 
with the shape of the waves at the end not 
quite the same as those at the beginning, 
which adds distortion. But the stream of 
bits can retain a series of numbers exactly. 

Digital recording is not completely 
without distortion, but the distortion is so 
incredibly small that we can say that it has 
been effectively eliminated. Thus, the fidel- 
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ity of the Compact Disc is at a new, higher 
level, and the quality of the music heard on 
it is even more thrilling than on the best 
analog recordings—which ar nemselves 
very fine indeed. 

Laser beams are used both in making 
and in playing the Compact Disc. The 


stream of bits representing the music 
comes to a strong laser in the ording ma- 
chine, turning the laser on and off in step 
with the 0’s and 1's. The bursts from the 
laser cut a series of extremely small inden- 
tations in a spiral shape in spinning 
master disc. Thus, the succession of 0's 
and 1’s is preserved in solid form, just as 
the wave shapes in analog recording are 
converted into solid form. 

Through a series of p sses, the 
master disc can be duplicated thousands of 
times to make the playing discs. Fach play- 
ing disc—about 10 centimeter ross—has 
the same microfine succession of indenta- 
tions on its surface. The disc is revolved on 
a turntable with a laser beam focused on 
the spiral, and moved along | lectronic 
controls. 

As each indentation passe under the 
laser beam, an electrical impulse is fed into 


the circuitry; the bit stream has been recon- 
stituted in electrical form. It is converted, 
with extremely low distortion, into analog 
signals of the original sound and sent to 
loudspeakers for final reproduction into 
sound. F 

Since no solid device is in contact with 
the Compact Disc, there is no friction, and 
wear is eliminated. With a minimum of 
care, the records should last indefinitely. 
There are a number of other wonderful 
things about the Compact Disc. There is a 
coating of transparent plastic ov er the in- 
dentations on the playing side, which pro- 
tects them from damage. The laser beam 
comes to a sharp focus right at the inden- 
tations, beneath the plastic. Therefore, 
small amounts of dirt or grease on top of 
the plastic are not “read” by the laser and 
do not cause distortion, noise, and wear, aS 
do even small amounts of dust on an analog 
recording. 

The position of the laser beam over the 
record is subject to very fast, very precise 


electronic control. The recording can carry 
not only the music but identifying numbers 
for each selection or section of the music. 
Push buttons on the player allow the user, 
by punching in the right number, to direct 
the laser ! automatically to any part of 
the record second or two. The engineer 
calls this lom access, a great conve- 
nience in ying system. If, for example, 
you want t iy band number seven on the 
record fir id then numbers three, five, 
and six, i t order, you can key those 


numbers | d the machine will automati- 
cally play se selections as you ordered 
them. 

The rding companies are begin- 
ning to prí e recordings on the Compact 
Disc, and rate of production will go up 
sharply o the next several years. How- 
ever, the panies will also continue to 
produce recordings in analog form, often 
the same c, because the great majority 
of people still be using analog playback 
equipment some years. The changeover 
to the Cc ict Disc will take time. Luck- 
ily, the bes: analog equipment has reached 
avery high level of fidelity. 

MAKING RECORDINGS: ANALOG AND 

DIGIT 

Whether the recording will be issued 
as an analog disc or as a digital Compact 
Disc, it starts today with the making of a 
Master tape in a recording studio or concert 
hall. Master tapes are almost always digital 
because that reduces greatly the noise and 


distortion in the tape recording process it- 
self. 

For classical music, the orchestra is 
usually spread out in front of two or more 
microphones—at least one for each stereo 
channel—and the operator, in a separate 
control room, adjusts the settings until the 
instrumental sounds are balanced in the 
way that the conductor wants. An alterna- 
tive method is to record each section of the 
Orchestra on a separate track on the record- 
ing machine, which may have as many as 
24 or 32 tracks side by side on the tape. The 
different sections are separated by putting 
a separate microphone for each up very 
close to that section. 


Later, in a process called the mix- 
down, the operator can collect the many 
tracks into two for stereo, adjusting the 
level of each section of the orchestra as it 
is rerecorded on another tape. The first 
method, of balancing the music for the orig- 
inal take, is more difficult and requires 
careful microphone placement, but it is pre- 
ferred by many recording engineers. 

In popular music, the many-track 
method with later mixdown is often carried 
even further. The musicians may be sepa- 
rated a good distance from each other in 
the stereo, so there is no “‘leakage’’ from 
one to another in the separate tracks on the 
tape. In fact, the musicians do not all have 
to play their parts at the same time or in the 
same place. The individual parts can be re- 
corded separately, if at least one is used for 
timing the others, and brought together for 
the mixdown later. 

This system, very common in rock 
music, allows the selection to be, in a 
sense, created in the mixdown studio. The 


Records are molded from stampers through a combi- 
nation of pressure and heat. 


Kitrosser—Revue de lelectricite 
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High school students in a radio club use standard 33% rpm microgroove records 


as well as tape recordings for broadcasting music. 


Operator can give each instrument the 
weight desired, and can choose among the 
several “takes” for the one preferred. 


COPYING THE RECORDS 


Somewhat similar methods are used in 
making copies of analog and digital record- 
ings. Analog starts with using the master 
tape to cut a master disc in a soft lacquer. 
The cutting head moves over the revolving 
master disc, and the signals from the mas- 
ter tape vibrate the cutting stylus, which 
Cuts the fine track in the surface of the lac- 
quer. Signals for one stereo track are cut at 
45 degrees into one side wall of the groove, 
and signals for the other stereo track at 
right angles to the first, in the other side- 
wall. The stereo pickup in the player re- 
solves the motions of the playback stylus in 
the two stereo tracks. 

The lacquer disc receives an extremely 
fine coating of metal, and a series of metal 
replications produces, finally, the Stamp- 
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ers. These are negatives of the recording; 
the groove is a tiny hill on the surface. 
Stampers are used to make the final copies 
in presses that act very much like waffle 
irons, with the plastic material flowed in 
under heat and pressure. 

The digital master disc, as already de- 
scribed, has a spiral of small indentations 
produced by the recording laser. It, too, 
goes through a series of replications be 
end up with negative stampers used in a 
ing the copies. But the process has to be 
controlled with much higher precision than 
does the analog process. The inde 
are a micrometer or so across—a milliont! 
of a meter. There are many millions one 
on one record side, and their spacing m 
be exactly right. Compact Discs have to 4 
copied, therefore, in special eguipma 
under near-laboratory conditions. i 
extra care is worth it. The new discs N 
bring us even greater musical pleasure tha 
we have had from records in the past. 


TAPE RECORDERS, 
SETTES, AND CARTRIDGES 


by Thomas E. Hitchings 


CAS 


Tape orders have made home 
sound re ing increasingly convenient 
and popu People can now make a per- 
manent rt ! of their favorite music or 
their own ughts at the push of a button. 
As a sc eproducing medium, tapes 
have a f dyvantages over phonograph 
records. show almost no wear after 
repeated ings. In cassette form, es- 
pecially, t ure extremely compact. And 
when yot e of what is on the tape, you 
can simp! ase it and replace it with 
somethin 
THEORY 


If you 
strong mas 


et a piece of paper over a 
ind sprinkle it with iron fil- 


ings, the f will arrange themselves on 
the paper along the magnetic lines of force. 
Tape recc ig depends on the fact that 
particles of magnetic metal are aligned by a 
magnetic field. Recording tape consists of a 
thin plastic backing, rather like camera film, 
coated on one side with particles of a mag- 
Netic oxide. The oxide side of the tape is 


Passed over a small electromagnet, called 
the recording head, which causes the par- 
ticles to line up as they move by. The pat- 
tern of the oxide particles on the tape’s sur- 
face reflects the strength of the magnetic 
field as the tape passes over the recording 
head. That magnetic field, in turn, is con- 
trolled by the impulses from the micro- 
Phone. Thus the alignment of the iron par- 
ticles on the tape reflects the continuous 
Pattern of sound waves striking the micro- 
Phone. 

In playback, the tape is simply wound 
back and passed over another electromag- 
net in the same direction. As the waves of 
aligned particles pass over this playback 
head, they cause a small current to flow in 
the magnet. These faint signals are ampli- 
fied and played back through loudspeakers. 


The idea of magnetic recording was 
first worked out in 1898 by a Danish engi- 
neer, Valdemar Poulsen. His design was 
based on coated wire rather than tape. 
Primitive recorders using wire or paper 
tape were developed in the 1930s. In the 
1940s modern magnetic tape was devel- 
oped by German scientists. It was quickly 
adopted by recording companies for mak- 
ing their master recordings. 

The first tape machines were quite 
bulky, but home machines no larger than a 
small suitcase were soon introduced. Min- 
iature tape formats—cassettes and car- 
tridges—appeared in the 1960's. 


OPEN-REEL TAPE RECORDERS 


All tape recorders are similar in their 
basic principles. They differ chiefly in such 


Recording a master tape on a reel-to-reel recorder. 
After the tape is edited, it is copied in cassette 
form. Cassettes synchronized with slides are widely 


used in educational and promotional programs 
3M Company Photo 
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Diagram showing how a tape recorder works. The vibrations of sc waves are 
changed into electric impulses of varying strength by a microphone These im- 
pulses (indicated above by “input”) affect the strength of the magne! field of the 
recording head, which is a magnet. As the tape moves from the payoff reel past a 
gap in the recording head, its metallic Coating is magnetized, the patt: arying ac- 
cording to changes in the magnetic field of the recording head. The tape then moves 
to the takeup reel. For playback, the tape is moved past a gap in the playback head. 
A small electric current of varying strength is produced. The current (indicated by 
“output") passes through an electronic amplifying system and to a loudspeaker; 


here it is changed into sound waves. 


matters as tape packaging, tape size, and 
recording speed. The basic features can be 
seen most clearly in the open-reel tape re- 
corder, 

The tape in an open-reel machine, as 
the name implies, is wound on an open 
spool. The recorder has two tape spindles. 
A full reel, the payoff reel, is placed on the 
left spindle, and an empty reel, the takeup 
reel, goes on the right. The tape is threaded 
past the heads and onto the takeup reel by 
hand. The speed of the tape’s turning is 
controlled by a roller to the right of the 
heads. A slight spin is also given to the two 
spindles, just enough to keep the tape tight 
as it moves past the heads. 

In recording, the first device in the 
tape’s path is the erase head. It applies a 
strong magnetic field to the tape before it 
reaches the recording head, removing any 
signal already present on the tape. If there 
were no erase head, a new recorded signal 
would simply be added on top of any old 


ones. During playback, the erase head is 
switched off, 

The tape next passes the recording and 
playback heads. In many machines a single 
head serves both purposes, but the best 
machines have separate heads. The advan- 
tage of this system is that it permits you to 
monitor the tape—play it back—as it is 
being recorded. The playback head is 
located to the right of the record head, and 
it plays the signal a split second after it has 
been recorded. Flaws in the tape and im- 
Proper volume settings can be identified im- 
mediately, 

The tape recorder divides the surface 
of the tape into parallel bands, or ‘racks. 
Most home open-reel recorders put four 
tracks on a tape. two stereo channels on 
each side. Quadraphonic recorders make 
use of all four channels at once and record 
on only one side of the tape. 

Standard tape is either 0.025 or 0.04 
millimeters thick and a quarter of an inch 
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(six millimeters) wide. Thinner tapes permit 
more tape to be wound on a reel, but they 
are also extremely fragile. The most com- 
monly used tape recording speeds are 7'/, 
and 3°/, ir s (19 and 9.5 centimeters) 
per secon 

Profe nal tape recorders use tape 
up to twe hes (five centimeters) wide 
and recor peeds of 15 or 30 inches (38 
or 75 cen ters) per second. They can 
record ar re from 16 to 40 parallel 
tracks on gle tape. The reason for the 
higher rec ng speeds in professional 
recording it the quality of the sound is 
a functio tape speed. The higher the 
speed, th ter the recording. 

CASSETTE CARTRIDGES 

Hom e recording was made im- 
mensely convenient in the 1960s 
with the introduction of cassettes and car- 
tridges. B »nsist of extremely compact, 
self-conta units of tape. Both are 
played simț by snapping them into a 
machine anc pressing a button. 

Cass are really just open-reel 
tapes in r ture. The cassette enclosure 
contains miniature payoff and takeup reels, 
but only the portion of tape that comes into 
contact v the heads is exposed. Like 
Standard open-reel machines. the cassette 
recorder divides the tape into four parallel 
tracks. When one side is full, the cassette is 


flipped over to record two more channels 
on side two. Cassette tape is little more 
than a half the width of standard open-reel 
tape, and the recording speed is only 17/s 
inches (50 millimeters) per second. 
Various advances have made up for 
the slow recording speed of cassettes. New 
tapes using chromium dioxide perform bet- 
ter than standard tapes at high frequencies. 
A technique, known as Dolby signal pro- 
cessing, helps to minimize background hiss. 
Improved drive mechanisms largely elimi- 
Nate speed wobble, or “flutter.” The very 
best cassette machines can make record- 
ings that rival those of open-reel recorders. 
.. One major advantage of the cassette Is 
its size. A single cassette, small enough to 
fit in a shirt pocket, can hold up to 90 
minutes of music, Another advantage is the 


convenience of not having to thread the 
tape. However, because the tape is sealed 
away, it is very difficult to edit or repair 
broken tapes. Finally, because of the slow 
recording speed, cassettes always lag be- 
hind open-reel recording in terms of sound 
quality. 

Eight-track cartridges use standard 
quarter-inch recording tape. Unlike cas- 
settes, the tape is joined inside the cartridge 
into a continuous loop, which passes the 
heads repeatedly. Thus there can be no 
editing of the tape at all. The tape is divided 
into eight parallel tracks, which embody 
four separate stereo “programs.” Playing 
or recording starts at the beginning of Pro- 
gram 1. When the loop of tape reaches the 
starting point again, the mechanism 
switches over automatically to a second 
pair of tracks, Program 2. Each time the 
starting point is passed, the machine 
switches to a new program. When it 
reaches the end of Program 4, it turns off. 
Quadraphonic recorders use two programs 
of four tracks each. 

Eight-track cartridges have benefited 
from many of the same advances as cas- 
settes. Their relatively high flutter, howev- 
er, makes them most suitable for less 
demanding uses, such as automobile tape 
players and portable machines. 


Cassette recorders are popular on the education 
scene. These portable machines with their pop-in, 
pop-out tapes make the recording of classes and 


lectures an easy matter. 
3M Company Photo 
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VIDEO CASSETTES AND 
VIDEODISCS 


By Robin Lanier 


Video cassettes and videodiscs have 
revolutionized home entertainment since 
the mid-1970’s. Both provide sight-and- 
sound programs for use in the home. In 
both systems the user’s standard television 
receiver is the display system. The program 
appears on the television screen. 

In the video-cassette recorder system, 
the program is no magnetic tape in a cas- 
sette about the size of a small book. The 
cassette is slipped into the recorder, which 
is connected to a television set. In the 
videodisc system, the program is recorded 
on a disc much like a phono disc in size and 
shape. The disc is spun on a turntable that 
is part of a videodisc player connected to 
a television set. 

The first successful consumer video- 
cassette recorder, or VCR, was the 
Sony Betamax. It came on the U.S. mar- 
ket in late 1975. By early 1981 some 
20 firms were marketing about 60 models 
of VCR’s. Worldwide sales reached nearly 
$1,000,000,000 in 1980, 

Videodiscs were latecomers to the 
consumer market. The year 1981 saw the 
beginning of a massive market battle among 
three groups of giant electronic com- 
panies. Each determined to make its video- 
disc model dominant throughout the world. 
The videodisc industry thus has to face 
“in-the-family” competition. It must also 
battle the already well-established video 
cassettes for the consumer pocketbook. 
Failure of videodiscs to gain a permanent 
footing in the consumer market would be a 
large loss. That is because videodiscs have 
abilities for entertainment, information 
storage, and instruction that go far beyond 
anything ever developed for home use. 


VIDEO CASSETTES 


The VCR brings the user two things 
never before available in the home. One is 
the extremely easy-to-use magnetic tape 
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system for playing pre-record ideo pro- 
grams. The other is the abi to record 
video programs. You can rec any pro- 
gram you want from televisi: You can 
then view the program at any ; 

In addition the user car vest in a 
video camera and can recor 1y “live” 
scene. The VCR-camera-T\ t system 
becomes a home movie system. It has the 
virtue that the “movies” can | en just a 
few moments after they are shot. This 
ability to make home recor s is one 
great advantage the video cassette has over 
the videodisc. All videodises n be com- 
mercially recorded. 

Since the late 1970's thousands of 


programs have been recorded on cassettes. 


The majority of them are movies from the 
large film studios. 

For home recording of television pro- 
grams, all popular VCR moc include 
automatic timers. The timer turns on both 
the television set and the VCR any pre- 


Set time to “catch” a program on the air 
when you are away from home. You can 
then see the program whenever you want. 


CASSETTES 


All VCR's use the same form of cas- 
sette: a flattish box about 6 inches by 4 
inches by ¥s inch. It has two reels, one at 
each end. Magnetic tape, Y2 inch wide, is 
wound around the reels. When the cassette 
is pushed into the recorder and the “start 
button depressed, the machine automat- 
ically picks up a loop of the tape. It then 
moves the tape over magnetic heads inside 
the player, the tape going from one reel to 
the other. 

Although all cassettes have the same 
form, there are two different “formats,” or 
arrangements of the signal, on the tape. One 
is the “Beta,” originated by Sony in the 
Betamax. The other is the “VHS,” origi- 
nated by Matsushita (Panasonic). The two 


Two dancers uss their 

own perfor es on a 

video casse ding 

made for late view 

systems di in a number of ways, but 
there is no overall quality difference. Re- 
cordings n on a Beta machine cannot, 
however, be played on a VHS machine, 
and vice ve 


RECORDING ON TAPE 


__ Tape recording basically involves put- 
ting a pattern on magnetic tape. The pattern 
corresponds to the electric signals of the 
program being recorded. Signals from the 


program affect the magnetic field of a re- 
Cording head. The tape passes over this 
Magnetic head and is magnetized. It is 
Magnetized in a pattern corresponding to 


the strength of the magnetic field—and 
thus to the program signals. In playback, 
the Magnetic pattern on the tape is changed 
back into signals that are converted into a 
Sight-and-sound program. 

Both VHS and Beta use a “helical 
scan” system. The tape moves horizontally 
at a slight angle in a helix. It winds around 
a drum that is about three inches in diam- 
eter. The magnetic heads that record the 
Program are fixed on the circumference of 
the drum. The tape moves slowly, about 
One-half to one inch per second. This slow 
Speed is necessary so that the quantity of 
tape in one cassette will last from one up 
to five, and even six, hours. The drum also 
Moves. It rotates at a speed much faster 
than the tape. The circumference of the 
drum therefore moves the magnetic heads 
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repeatedly across the section of tape that is 
around the drum. 

The combination of these two motions 
puts a series of magnetic tracks on the tape. 
These tracks are very thin, parallel, and 
very close together. They make a slight 
angle with the axis of the tape. The result is 
a recorded track that is many times as long 
as the tape itself. Each of the slightly slant- 
ing “lines” on the tape is played separately, 
one after the other. Only in this way could 
the immense amount of information in a 
video program be packed onto magnetic 
tape moving so slowly. 


PLAYBACK 


During playback the tape must go 
around the drum in the same position rela- 
tive to the heads that it had when the re- 
cording was made. The positioning must be 
very accurate—within an extremely small 
dimension of one micron, or 1/25,000 inch. 
The drum itself must have no irregularity — 
again down to the same tolerance of about 
one micron. The magnetic head, in other 
words, must line up with one of the slanting 
tracks on the tape—and just the right one. 


FOR HOME USE 


All this electronic knowhow was first 
worked out for professional videotape ma- 
chines. These machines weigh several hun- 
dred pounds, and cost more than $50,000. 
They use a large quantity of tape to record 
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a half-hour program. The basic problem 
then was how to get the enormous amount 
of information in a video program onto 
a small quantity of tape. The tape had 
to fit in a home machine of small size and 
low cost. 

The amount of information is mea- 
sured in bits (short for binary digit). A bit 
is the basic technical building block of all 
information. Any program can be broken 
down into the number of bits making it up. 
With any given recording technique a given 
area of tape will hold a certain maximum 
number of bits. This is the storage density 
of the tape and the technique. Other things 
being equal, the amount of information goes 
up directly with the area of tape being used. 

Professional machines using one-inch 
tape use about 120 square feet of tape to 
record a one-half hour program. Betamax 
and other similar home VCR’s put a one- 
half hour program on about five square feet 
of tape. Because of this difference, home 
video tapes cannot match the quality of 
professional video tapes. Nor do they pre- 
tend to do so. The quantity of tape practical 
in a home design simply doesn’t have the 
storage density to hold all the information 
in a fully detailed program. Home VCR 
makers have, however, succeeded in pro- 
ducing a picture that is fully acceptable for 
home playback. 


In video-cassette recording, a program is put ona 
tape by passing it over a magnetic recording head. 
This magnetizes the tape in a pattern correspond- 
ing to the program signals. 


Recording 
head 
(in drum) 


Section of tape 
with slanting 

magnetic tracks 

(not to scale) 
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It may be interesting to note here that 
the videodisc has inherently nany times 
the storage density of magnetic tape. It is 


potentially able to provide better repro- 
duction than even present professional tape 
systems. But before we discuss videodiscs 
in detail, let’s take a look at some of the 
special features many VCR's contain. 
SPECIAL FEATURES 

Home VCR makers, with picture qual- 


ity the consumer quickly liked, have gone 


on to give the consumer a raft of operation 
features. Long playing time was one of the 
first features. The original Betamax ran for 
one hour on one cassette. Rival machines 


started a race that has ended with ma- 


chines that run up to five and even six 
hours on one cassette. There is price for 
long playing time, however. The extra 
playing time is achieved either by using 
thinner tape or by running the tape more 
slowly. Both are likely to degrade quality. 

Automatic timers have become very 
elaborate. Some can be programmed for a 
number of days in advance to turn the re- 


corder on a number of different times. 
Many models are also available with built- 
in television tuners. You can then record 
an off-air program without tying up the 
regular television set. 


Most machines now also allow the 
user to “freeze” a frame—that is, to hold 
any picture still on the screen, Fast for- 
ward and reverse speeds can also be had 
as can remote controls, and automatic re- 


wind at the end of the tape. You can get 
slow motion and “instant replay” on the 
VHS machines. You cannot get this fea- 
ture on Beta-type machines. 


VIDEODISC 


The videodisc has been in the making 
since the early 1970's. The first kind to be 
sold was the “all-optical” system devel- 
Oped by the Dutch electronics company 
Philips. It was made by Philips’ U.S. sub- 
Sidiary, Magnavox. It came on the U.S. 
market in 1980 with the brand name “Mag- 
navision.” Later in 1980, Pioneer, a Japa- 
nese company, brought out a variety called 
“LaserDisc.” LaserDisc uses essentially 


Record motion 


the Philips system. Recordings made for 
Magnavision are playable on LaserDisc, 
and vice versa. 

_ Two other, entirely different, video- 
disc systems appeared on the U.S. market 
in 1981. One was the “SelectaVision” sys- 
tem developed in the United States by the 
RCA Corporation of America; the other 
was the “VHD” system, invented by the 
Japanese firm JVC. Recordings were not 
interchangeable between Selecta Vision and 
VHD, nor between either of these two and 
the Philips system. This means that each 
of the three groups must make or encour- 
age the making of recordings for its system. 
Obviously buyers will respond to the video- 
disc only if there are a large number of at- 
tractive programs available. 
fa qe, must face this “in-the- 
Seg y” competition plus a late start against 
The Cassettes in the consumer market. 
J e videodisc has, however, certain ad- 
i eee that may secure it a firm place in 
a consumer market. With its high storage 
ag! the videodisc can do amazing 
i aa It can store staggering quantities of 
A ormation of any kind on a single disc. 
E T item is retrievable almost on instant 
all. It has seemed a good presumption 


In RCA’s videodisc sys- 
tem a stylus rides along 
grooves on a disc sur- 
face. The “marks” on the 
disc are converted into 
electric signals and a pic- 
ture appears on the 
screen. 


Signal 
converter 


signal (wire) 


that consumers would buy centrally re- 
corded videodiscs on a large scale, just as 
they now buy centrally recorded phono 
discs. 


CHEAPER-AND WITH RANDOM ACCESS 


The expectation for a large consumer 
market also springs from the inherently 
lower cost of the disc, as compared with 
the same programming on the video cas- 
sette. A magnetic recording must be played 
through to be duplicated. The videodisc, 
like the phono disc, is stamped out a whole 
disc at a time. Moreover, the plastic ma- 
terial of which the disc is made costs much 
less than the magnetic tape for a program 
of the same length. 

The disc has another important advan- 
tage. The whole program, a half-hour to an 
hour long, is right there on the surface of a 
single disc. On the cassette, as on any mag- 
netic-tape recording, the program is spread 
through up to 2,000 feet of tape, and to 
reach any part of it the user must play 
through the tape to the desired part. Even 
with the tape shuttling through the machine 
at high speed, this is awkward and time 


consuming. r f 
The videodisc player, with the aid of 
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some fancy electronic circuits, can move to 
any part of an hour-long program in a very 
short time. The engineer calls this “random 
access,” meaning that the user can specify 
any part of the program at random and go 
to it directly. 


RECORDING ON A DISC 


To help explain the operation of the 
videodisc system, we shall look briefly at 
how a video program is recorded on the 
surface of a disc. Like the phono disc, the 
videodisc “registers” the program with 
permanent markings on the disc surface 
that can represent the program in some 
way. Music is recorded on the phono disc 
with the tiny “wiggles” of the groove rep- 
resenting the succession of sounds as the 
groove slides under the stylus, or needle. 

Theoretically, a video program could 
be recorded in much the same way, with 
microscopic wiggles in a groove on the 
surface. But a sound program has frequen- 
cies up to about 20,000 per second, A video 
program has frequencies up to 6,000,000 a 
second (and beyond in some systems). 
These extremely high frequencies cannot 
be handled by a mechanically-vibrating sys- 
tem like the familiar phono stylus. It is 
best done with some weightless signal, 
like a light beam or a change in electrical 
charge. 

Moreover, the amount of information 
in a video Program is several hundred 
times the amount in a sound-only program 
of the same length. A large number of sep- 
arate “marks” on the disc are needed to 
represent a large number of information 
bits. Thus to record a video program in the 
60 square inches or so available on the 


disc surface, the marks have to be extreme- 
ly small. 


OPTICAL SYSTEM 


There are several ways of putting the 
“marks” on the disc. In the Philips optical 
system, a beam of light from a laser is used 
to put the marks on the disc, and to “read” 
them from the spinning disc in playback. 
The disc turns at 1,800 revolutions per 
minute (rpm) which means that each single 
turn holds one complete “frame”, or sep- 
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arate picture, in the program. Television 
projects its pictures at 30 per second, or 
1,800 per minute, or 54,000 in a half-hour 
program. 

With one complete pict: in each 
turn, the individual marks have (o be about 
one micrometer across (one millionth of a 
meter, or 25,000 of an inch) ny bursts 
of light from a laser gun produce micro- 
scopic “pits” in a spiral track on the sur- 
face of the disc. Variations the timing 
of these bursts, and thus in r spacing 
on the disc, represent the vide: program, 
This pattern of pits is then stamped onto 
plastic playback discs. These discs have a 
thin layer of transparent materia! that keeps 
dirt and grease away from » playing 
surface. 

To play the disc, it spins, again, at 
1,800 rpm, and a laser beam — not a stylus— 
follows the spiral track. As each pit passes 


under, it reflects the light beam back into 


the machine. These returning ‘ashes are 
converted into electrical impulses with the 
same time variations that the original pro- 
gram had, and the television receiver in 


turn converts them into the sight and sound 
of the program. 

To keep the beam right on the one- 
micrometer width of the track, electronic 
circuits were developed that sense the posi- 
tion of the beam and automatically keep it 
on the track. This electronic control of the 
laser beam also allows the user to “freeze 
frame;” to move forward or back at normal, 
fast, or slow speed; and to repeat any sec- 
tion of a program over and over. è 

In an extension of the search capabil- 
ity, each frame can be given a number 
(visible in the upper left corner). With a 
small push-button device, the user can 
flash the playback right to the number he 
or she wants and have it held on the screen. 
This is random access at its fullest. 

Consider what capabilities this opens 
up. With a little higher resolution than we 
have in standard television, each of the 
frames in a one-half hour program could be 
a page of readable type. As a final addition 
to entertainment capabilities, the optical 
videodisc has stereo sound of excellent 
fidelity. 


disc 


Photodiode 
converter 


VHD SYSTEM—LASER PLUS STYLUS 


The second system, the “VHD”, is 
made with a laser in somewhat the same 
fashion as (he optical system. However, the 
disc spins at 900 rpm, so each turn holds 
two complete frames, and the “marks” 
have to be about half as big as those on the 
Philips disc. 

Playback is entirely different. A dia- 
mond stylus with a broad tip slides over the 
record surface. One side of the stylus has 
a very thin strip of metal. The lower, razor- 
like edge of this strip is just above the disc 
arice. The stylus is kept over the right 
D ck with electronic sensing circuits that 
unction somewhat like those in the Philips 
System. 
like As each “pit” passes under the razor- 
ee it causes an abrupt change in 
n ility of an electric circuit to hold a 
Th rge—the “capacitance” of the circuit. 
es changes, converted into electrical 
$ pulses, go to the television set which con- 
erts them into the sight and sound of the 
program. 
iin The VHD videodisc has rapid search 

ough the program, variable speed for- 
ward or back, numbered-mode search, 


J o 


FM modulated signal (wire) 


Optical recording on a 
videodisc uses a laser 
beam to put "marks" ona 
disc corresponding to 
signals from a program 
source. To play back, the 
laser decodes the marks 
it made. 


Ye 


automatic repeat of any section, and stereo 
sound. 


SELECTAVISION 


In the third system, RCA’s “Selecta- 
Vision,” the disc turns at 450 rpm, so the 
“marks” have to be smaller again by half, or 
around 0.25 micrometer across. Not even 
a laser easily focuses this small, so RCA 
records with an electron-beam system, with 
the master disc in a vacuum chamber. 

The playback system uses a stylus that 
rides a groove in the record, but picks up 
the program with a capacitance system 
much like that of the VHD disc. The player 
has fast search, forward and reverse, with 
the pickup lifted out of the groove. Sound 
in the early models is monophonic. 

In both the VHD and the RCA, stylus 
wear will eventually make a replacement 
necessary; but life is apt to be very long in 
both cases. 

The fate of the three systems on the 
market will be influenced greatly, of course, 
by the quality and quantity of the program- 
ming that each can offer. Meanwhile buyers 
of the videodisc or VCR systems will 
experience a vast enlargement of their 
home entertainment resources. 
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Modern printing machinery plays an important part in communicati 
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PRINTING 


by Richard Wenat 


Printing, which turns out identical 
copies of text matter and pictorial matter in 
any desired quantity, is a key industry in 
our modern civilization. Presenting data 
and ideas in convenient form, it is an indis- 
pensable means of communication between 
people. Because of the great number of 
duplicates it provides, it assures the preser- 
vation of the record of human civilization. 
It plays an all-important part, too, in the 
spread of education, for its supplies educa- 
tional materials at low cost. 

The Chinese are credited with the in- 
vention of printing. They carved out wood- 
en blocks to provide raised surfaces for 
words and pictures, and practiced relief 
printing (printing from raised surfaces) as 
early as the ninth century A.D. 

Toward the middle of the fifteenth cen- 
tury, printing took a giant step forward. 
Johann Gutenberg, of Mainz, Germany, 
developed movable type and a method of 
casting duplicates from the original type. 
Gutenberg transferred ink from type to 
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paper by means of a crude press. His chief 
undertaking was the printing, in the 1450's, 
of the famous Gutenberg Bible—the first 
complete book printed from movable type. 

For over three centuries after Guten- 
berg’s time, there was little change in the 
basic principles of the printer’s art. Toward 
the end of the eighteenth century, there 
were many innovations. Among these was 
the development of lithographic printing. 

A period of extraordinary growth in 
the development of the printing industry 
began with the application of photography 
to printing in the mid-nineteenth century. 
The last half of the century saw thousands 
of improvements, refinements, and varia- 
tions in printing. There were two key devel- 
opments in the 1880s. The perfection of 
the halftone screen led to vastly improved 
methods of reproducing illustrations, and 
typesetting machines freed the printer from 
much laborious hand-setting. Mass pro- 
duction of Magazines, books, and news- 
Papers became possible. 
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SURFACES 


INTAGLIO 


KAA 


LETTERPRESS (RELIEF) 


PLANOGRAPHIC PRINTING 
1 
Most printing esses fall into three main categories. The basic difference is 
in the way is transferred from printing plate to paper. In letterpress, or 
relief, print e ink is transferred from a raised surface. In planographic 
printing, or raphy, areas of the plate that are to be printed are coated with 
a substance t will not accept water. The intaglio printing process involves 
printing from indentations in the plate. 
Today, the use of the computer in the 


printing process is opening a new era. 
THREE MAJOR PROCESSES 


There are many ways in which words 
and illustrations can be reproduced. Most 
of these processes belong to one or the 
other of three major groups: letterpress, 


planographic printing, and intaglio. 

_ Letterpress is the oldest method of 

printing. In it, ink is transferred from a 
raised surface to the paper. 
_ . Planographic printing, or lithography, 
is based on the principle that water and 
grease do not mix. A plate is grained so 
that its surface is receptive to water. The 
areas of the plate that are to be printed are 
Coated with a substance that will not accept 
Water. The plate is dampened and greasy 
ink is applied to it. The ink is transferred 
Only to the coated portions, which have 
remained dry. In modern practice, the 
inked portions of the plate are generally 
transferred to a rubber-covered cylinder 
and from this cylinder to the paper. This is 
Called photo-offset, or offset. 


Intaglio is the reverse of the letter- 
press printing method. In intaglio, the print- 
ing surface is below the surface of the plate. 
Ink is poured into small indentations, called 
cells, etched into the plate. Then the sur- 
face is wiped clean. The paper or other ma- 
terial is pressed against the plate, and the 
ink is drawn from the cells by capillary ac- 
tion. Gravure is an intaglio process. 


LETTERPRESS PRINTING 


Letterpress is applied to books, maga- 
zines, newspapers, catalogues, and many 
other kinds of printed matter. When it is 
done by skilled craftsmen, it is noted for 


sharp, brilliant reproduction. 
TYPESETTING PROCESSES 


The first step in letterpress printing (or 
in any other process) is to set the type. 
There are several ways of doing this. 

Hand-set type. Until late in the nine- 
teenth century, all type was set laboriously, 
letter by letter, and then carefully spaced 
out—all by hand. The type was made of 
wood (for the largest sizes) or metal. The 
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type for a hand-set job is selected from a 
number of fonts, each representing an as- 
Sortment of one size and style of type. 
Fonts are kept in boxes called cases. 

In one hand, the compositor, or type- 
setter, holds a tray called a stick, in which 
the length of the line has been set by an ad- 
justable sliding gauge. With his other hand, 
he removes letters from the case, setting 
them one by one in the stick. When the 
compositor has placed almost enough let- 
ters in a line to fill it, he inserts thin pieces 
of metal between words and sometimes be- 
tween letters until the line is of proper 
length. This is called Justification. 

The typesetter keeps adding one line 
after another to the stick until it is almost 
filled. Then he transfers its contents to a 
long tray called a galley, which can hold a 
number of sticks. Rough proofs are taken 
from galleys on long strips of paper, called 
galley proofs. The proofs are corrected and 
appropriate changes are made in the type. 
It is now ready to be made up in page form 
or other required form. 

Line-casting machines. Today much 
type is still set on the Linotype despite 
great inroads made by photographic type- 
setting systems. There are many Linotype 
models, but the Operating principle is the 
same for all. It is based on the circulating 
matrix. A matrix is a metal mold from 
which typefaces are produced. The matrix 
travels from one part of the machine to an- 
other and then back again in the course of 
the typesetting operation. 

The operator of the machine sits in 
front of a keyboard, which resembles that 
of a typewriter. As he presses the keys, 
each corresponding to a Particular type 
character, the appropriate matrices slide 
down onto a moving delivery belt, which 
carries them to an assembly area in front 
of the operator. He inserts spacebands be- 
tween words by tapping the spaceband key. 
A bell rings when the line is almost filled, 
and the operator justifies the line. 

___ In the casting Operation, molten metal 
is forced against the indented characters on 
the matrices. The metal cools, is trimmed, 
and then is ejected, sliding onto a galley. It 
1s in the form of a solid line of type, called a 
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slug. Since the slug has been set in one 
piece, it will have to be entirely reset if 
there are any errors in the line 


Many high-speed line-c isting ma- 
chines have various automatic a tachments, 
These enable the operator to set type flush 


right only or flush left only, to mix different 


typefaces, and to perform many other spe- 
cialized tasks. 

Another important type tting ma: 
chine is the Monotype. In this machine the 
casting unit is separate from t keyboard 
unit, and the lines of type are not solid but 
are made up of individual pieces of type. 


When the keys of the Mo iotype key- 


board are depressed, they cause holes, 
forming a code, to be punched in a paper 
tape as it unrolls from one spoo! to another. 
As the punched paper tape is unrolled, it 
activates the casting mechanism. The 
matrix is brought into position so that the 
appropriate character will be over the mold 
chamber. Molten metal is then forced into 
the mold chamber and against the matrix 


set on top of it. An individual t charac- 
ter is produced having the shape of the 
mold chamber and with a raised letter or 
figure, corresponding to the matrix, on top. 
The type is cooled and then ejected onto a 
galley. 9 

The Monotype is particularly useful in 
difficult typesetting, as in the case of text- 
books with many intricate symbols. In 
Monotype work the printer can correct 
errors in a line by replacing individual 
pieces of type. 

Photographic typesetting. All the ma- 
chines we have mentioned hitherto are 
called hot-metal machines, because they 
cast type from molten metal. Several cold- 
type, or photographic, processes are used. 

The Fotosetter was the first cold-type 
machine to be operated commercially. Like 
the hot-metal machines, it is based on the 
circulating-matrix principle. There are two 
important differences, however: the matrix 
has a transparent image of a character and 
the casting unit is replaced by a photo- 
graphic unit that photographs the charac- 
ters on the matrices as a line on a film. The 
lens of the camera can be adjusted to re- 
duce or increase the size of the characters. 
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keyboard, a memory unit, 
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of a typewriter, but can be 
ide the appropriate style and 
s the operator depresses the 
iracter becomes a pattern of 
forming a code, on a roll of 
At the same time, a type- 
s produced for proofreading 
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stored in the memory unit. 
structions are relayed to the 
init. The letters are photo- 
acter by character at high 
ng to the instructions from 
device. The exposed film, 
continuous roll, is then de- 
a paper or film negative or 
btained. Printing plates are 
paper or film. 
inofilm system the keyboard 
tape and is separate from the 
unit. Thus, the product of 
yard units can be fed to one 
unit. A third unit, a makeup 
in enlarge or reduce lines on a 


ems enable editors to deliver taped insl 
es. The keyboard of this system combines the stand 
ons that give complete typesetting instructions. 


Linofilm 
The Linofilm system for producing type characters 
on a photographic film uses this grid font, which 
contains the characters needed. The keyboard unit 
of the Linofilm is separate from the photographic 
unit. A third unit of the Linofilm can enlarge or re- 
duce lines on a film, as required. 


film. The product of the makeup composer 
is a positive film ready for engraving. 

The rapid spread of small business and 
home computers has been accompanied by 
great growth in the number of accessory 
printers in use. The output of some types 


tructions directly to type- 
ard typewriter 
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HOW A 
PHOTOENGRAVING 
IS MADE 


of printers approximates the quality of 
commercial photographic typesetting, and 
it may be photographed for conversion into 
printing plates. 


PREPARATION OF ILLUSTRATIONS 


Two kinds of black-and-white illustra- 
tions are used in letterpress work. Half- 
tones are illustrations with varying tones 
—white, shades of gray, and black. The 
name linework is given to illustrations 
without varying tones. 

Most pictures that are to be made into 
halftones consist of photographs or other 
continuous-type illustrations. To produce a 
plate suitable for printing, the photograph 


In order to produce a Plate that is suitable for print- 
ing, one must break up a continuous-tone illustra- 
tion such as a Photograph into a series of tiny dots 
that vary in size and shape. This is done by placing 
a screen in front of the Photographic plate. A, be- 
low, shows a Continuous-tone pattern. In B, we see 
the Pattern reproduced on Paper that has been 
printed from a halftone photoengraving. The dif- 
ferent tones are rendered by a series of dots, which 
are shown greatly enlarged here in order to dem- 
onstrate what they look like. 


PRINTING 


PHOTOGRAPHING THE COPY 


If the letter F were not set in type bi e instead 
drawn with pen and ink by an art >hotoen- 
graving would have to be made of atter if it 
were to be used in a letterpress pri ate. The 
first step in making such an engravir o photo- 
graph the original material. In the ntime, a 
metal plate has been coated with a sensitive 
solution. When the photographic neg is placed 
against the prepared plate and both a posed to 
controlled light, the coating under the clearer por- 
tions of the negative—that is, the íf printing 
areas of the engraving—is hardened 
must be broken up into a series of small 
dots, varying in size and shape. When these 
dots appear on the printed page, the eye 
causes them to merge so as to create an 
illusion of different shades. 

The process of preparing erpress 


printing plates from photographs and draw- 
ings is called photoengraving. First, a pho- 
tograph of the artwork is taken with a large 
camera. Photographs and other varying- 
tone materials are photographed through a 
halftone screen. This is made up of two 
sheets of glass, each containing a series of 
black opaque parallel lines. The sheets 
have been cemented together, with the lines 
of one at right angles to the lines of the 
other, thus forming a grid pattern. The 
Screen is set in front of the photographic 
plate in the camera. It causes the reflected 
light to be broken up into dots. These 
depend for their size and pattern on the in- 
tensity of the light reflected from each area 
of the Photograph. Linework is photo- 
graphed without a screen. 

The film is developed in the ordinary 
way. Several different negatives are usually 
stripped together on a large piece of glass, 
called a flat, for economical production. 

In the meantime, a plate made of met- 
al has been made sensitive to light. The 
flat of negatives is placed against the sensi- 


NEGATIVE 


PREPARING THE PLATE 


Washing t late with water removes the softer 
parts of tł ting. The plate is then sprayed with 
acid. This ves metal in the different areas 
that are nc e printed. One can make a finished 
plate type »y mounting it on a wooden block, 
as in draw r a metal base. 
tized plate and exposed to controlled light. 
The light penetrates the clearer areas of 
the negat -the future printing areas— 
and hard he coating in the correspond- 
ing areas he plate. It does not penetrate 
the dark is of the negative, and the coat- 
ing on th ite in these areas remains soft. 
The soft places in the coating are washed 
away in a water-bath, which exposes the 
underlying metal. The hardened places are 
not affected. The plate is now ready for 
etching 

In the etching procedure, a solution 
of nitric acid is used to attack the exposed 


metal, but not the printing surface, which 
is protected by the hardened coating. Etch- 
ing is continued until it is deep enough for 
a good printing plate. The plate is then sent 
to the finisher who corrects any imperfec- 
tions and cuts the plate, containing several 
different subjects, into individual plates, 
called cuts. 


MAKE-UP AND LOCKUP 


Make-up. The next step in the printing 
Process is make-up. In this operation, type 
and engravings are brought together to 
conform to the layout that had previously 
been prepared. The make-up man counts 
the proper number of lines of text required 
for each page, inserts the appropriate cuts, 
and adds folios, or page numbers. Page 
Proofs are then pulled. 

Imposition. In the imposition process, 
the printing material for a number of pages 


TRANSFERRING THE IMAGE 
TO THE PLATE 


FINISHED, BLOCKED PLATE 
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is brought together on a make-up bank, or 
stone, which is generally a smooth-topped 
metal table. These pages make up a form 
and will be printed together in the press. 
They are so arranged that the printed ma- 
terial will later fold with the pages in proper 
sequence and with accurate margins. 
Lockup. Next comes the lockup stage. 
A rectangular frame, called a chase, is set 
in position on the make-up bank so that the 
form will fit within it. Large blocks of metal 
or wood, called furniture, are used to fill the 
gaps between the form and the sides of the 
frame. Wedges, known as quoins, are in- 
serted to hold everything tightly in place. 
In some cases, the locked-up form may be 
placed directly on the press. However, in 
any extensive printing operation, printing 
plates are made from the locked-up form. 


PREPARATION OF PLATES 


There are many types of letterpress 
printing plates. Some of the most common- 
ly used plates are electrotypes, stereo- 
types, rubber plates, and plastic plates. 

Electrotypes. These plates are made by 
the process of electroplating. The first step 
in the preparation of an electrotype is to 
make a mold of the form. Various materials, 
including wax, lead, and plastics, are used 
as the molding material. The mold, con- 
taining a faithful replica, in intaglio, of the 


Electrotypes are Prepared from forms. To show the 
process more Clearly, the diagram uses the single 
letter F. First, a molding sheet is applied under 
Pressure to the surface of the form. After this sheet 
has been prepared so that it will conduct electricity, 
it is placed within an electrolytic bath, where it 
Serves as the cathode, or negative pole. Then, in 


type form is then made electri 


tive by being sprayed or covered with 
graphite, a silver compound, or other con- 
ductive material. 

The case containing the mold is sus- 
pended in an electrolytic bath, « ontaining 
a dilute solution of sulfuric acid. The mold 
will act as the cathode, or negative pole, A 
bar of copper, also suspended in the bath, 
will be the anode, or positive pole. When 
electricity is passed through the bath, cop- 
per from the bar is deposited on the mold 
by the process of electrolysis, forming a 
metal shell. 

The shell is separated from the case. 
Since it is very thin, it must be given a solid 
backing, supplied by molten metal poured 
over the back of the shell finished 
plate is about 0.4 centimeters thick. 

Stereotypes. To make a eotype, a 
wet papier-maché mat is first placed on the 
form and subjected to heavy pressure. It is 
dried while under pressure and vives a mold 


of the form. Molten type metal is poured 
into the depressions in the mat and makes 
an inexpensive duplicate of the original. If 
there are to be long press runs, the stereo- 
type may be electrolytically plated to give 
it added hardness. Large newsp ipers rely 
almost entirely on papier-maché mats to 
produce their numerous press plates rapidly 
and cheaply. 


the bath, the mold receives a thin coating of metal 
from a copper bar which serves as the anode, or 
Positive pole. When enough copper has been de- 
posited, the newly formed copper shell is removed 
from the mold. Molten lead is poured over the back 
of the shell, providing a solid backing. The finished 
Printing plate is about 0.4 centimeters thick. 
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Rubber plates. They are made from 
molds of the original forms. They are used 
principally for printing inexpensive books 
or business forms, containing no illustra- 


tions and using inexpensive paper. They 
can also be used effectively with such print- 
ing mediums as cellophane, glassine, waxed 
paper, cloth, and parchment. 

Plastic plates. They are generally made 
from pattern plates: that is, electrotypes 
of the original form, especially made to 
serve as originals for duplicate plates. First, 
an intag] lastic mold is produced from 


the pattern plate. The plastic relief plate is 
then made from the intaglio mold. Plastic 
plates lso frequently made from 
locked-up pages of type, and have been 
replacing electrotypes as printing plates. 

Plates of plastic or metal can also be 
produced by electrical scanning devices. 
The stylus used in the scanning operation 
either burns or cuts metals or plastics, 
forming a series of dots or lines, varying in 
size or width with the density of the tone 
being scanned. Some of these machines can 
produce vrinting plate that is larger or 
smaller than the original copy. Stylus- 
engraved plates are used primarily to con- 


vert continuous-tone copy to halftone print- 
ing plates. They are employed chiefly by 
small-scale printing plants. 


PRESSWORK 


In the printing presses used in letter- 
press, ink is applied by rollers to the face 
of the form or printing plate. The paper is 
then pressed against the plate either by a 
flat surface or by a cylinder, known as the 
impression cylinder. 

The impression cylinder is generally 
made of steel and its printing surface is cov- 
ered with backing sheets of special Manila 
Paper, stretched tightly around the cylin- 
der. In a process called make-ready, ad- 
justments are made so that the form is €x- 
actly level. 

Paper is fed to the press in various 
ways. In sheet-fed presses, the paper 1S de- 


livered to the printing area in the form of 


sheets. In web-fed presses, it is fed as an 
uncut web, or roll. 
The hundreds of different models of 
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presses may be divided into three princi- 
pal types: platen, cylinder, and rotary. 

In the platen press, the paper is placed 
on a flat surface—the platen—which is 
brought in contact with the flat printing 
plate. There are many kinds of platen 
presses. Platen presses serve principally for 
small printing jobs, such as the preparation 
of programs, handbills, tags, tickets, and 
the like. f 

In the cylinder press, the paper is 
wrapped around a cylinder, which brings it 
in contact with the printing form, set on a 
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flat horizontal bed. There are various ar- 
rangements of cylinder and bed. Cylinder 
presses are favored for fine printing jobs, 
such as books, high-quality commercial 
work, and limited-issue magazines. 

Two cylinders are involved in the 
printing operation in the rotary press. The 
paper is wrapped around the first cylinder. 
The second one, bearing a curved printing 
plate, is in contact with the first one. As 
both cylinders rotate on their horizontal 
axes, the paper, passing between them, 
receives the impression. Web-fed rotary 
presses are particularly effective in large- 
scale jobs, such as newspaper and poster 
printing. 


PHOTOLITHOGRAPHY 


Planographic printing, as we have 
seen, is based on the principle that water 
and grease do not mix. The general name, 
lithography, is given to planographic pro- 
cesses. In earlier days, to reproduce a pic- 
ture by lithography, the image was drawn 
on a porous stone with greasy crayons. 
Today, photography plays a vital part in 
the process, and therefore we generally re- 
fer to planographic printing as photolith- 
ography. In most photolithography, the ink 
is transferred from the printing plate to a 
tubber blanket and from that to the paper. 
This is called Photo-offset lithography, or 
photo-offset, or simply offset. We Shall 
consider only photo-offset in the following 
description. 

The offset industry has grown to be 
a very widely used printing process. The 
offset process is noted for the soft, delicate 
colors it produces on textured papers. Yet 
it is also capable of brilliant reproductions. 


PREPARATION OF OFFSET PLATES 


Type matter is set as in letterpress. 
Proofs are pulled and corrected, and the 
Corrected proofs serve in the making of the 
offset plate. Both the text matter and the 
art work, if any, are photographed. 

After the text matter and illustrations 
have been photographed, the negatives are 
assembled, according to the layout, on a 
sheet of transparent acetate. Large areas 
which are not to be printed are masked by 
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hand with an opaque fluid. The acetate 
sheet is then placed over a large pliable 


metal plate, which has been ecially pre- 
pared. It has been given a gr so that it 
will receive water and it has been covered 
with a light-sensitive coating 

The acetate sheet is no\ xposed to 
bright light. The coating in the parts of the 
plate corresponding to the clear areas of 
the negative (the future prin areas) is 
hardened. In the other parts of the plate, 
the coating remains soft. A g isy ink is 
now applied to the plate. The areas are 
washed away in a water bath. | hese areas 
will receive water and will : take the 
greasy ink that is used in offset press work. 
The ink remains fixed in the hardened areas 
of the plate, which will constitute the print- 
ing surface. 
PRESSWORK 

In photo-offset printing, three cylin- 
ders are used. The pliable printing plate is 
wrapped snugly around the fi cylinder, 
and the top and bottom edges of the plate 


are locked in a slot in the cylinder. Since 
the printing action of the plate is based on 
the resistance of a greasy ink to a moist sur- 
face, the plate must be dampened as it ro- 
tates. Rollers then apply ink to the rotating 
plate. It comes in contact with the middle 
cylinder, which has a rubber cover, or 
blanket. The ink is transferred from the 
plate to the blanket. It is then applied to the 
Paper, which passes between the rubber 
blanket and the third cylinder — the impres- 
sion roller, 


INTAGLIO 


For many years, intaglio plates- 
plates with the printing surface etched or 
carved below the surface of the plate— 
were made by hand. Today, photographic 
principles are applied, and the intaglio 
process is called gravure. Its use has m- 
creased greatly in long-run publication 
work and in the printing of packaging. 
Gravure is noted for its rich, fine-screen 
reproduction, which has the appearance of 
a continuous tone. Since a great amount of 
ink can be drawn from the printing cells, 
excellent results may be obtained on in- 


In photo-of rinting, shown above, the printing 
plate, whic upped around cylinder A, is damp- 
ened with v by roller B and inked by roller C. 
The printing te comes in contact with a rubber 
blanket around cylinder D. There the ink is trans- 
ferred from jlate onto the blanket. The paper 
that is to 5 the copy is printed as it passes 
between tt bearing blanket and the impres- 
sion cylind Delivery of the paper is then made 
by transfer 

expensiv iper. A disadvantage of the 


process is that the type is sometimes not so 


sharp as in letterpress or photo-offset. 

__ The great bulk of gravure work is done 
in web-fed rotary presses and is called 
rotogravure. We shall consider only roto- 
gravure in the following paragraphs. 


PREPARATION OF PLATES 


The type for rotogravure plates is set 
as in letterpress and photo-offset work. 
Proofs are pulled of the type matter, and 
these proofs are photographed together 
with the art work that is to be used. After 
the negative has been developed, a positive 
transparency is made from it. 

A special paper called carbon tissue is 
used in the preparation of the rotogravure 
plate. It has a coating of gelatin, which has 
been dipped in dichromate solution to make 
it photosensitive. The positive transpar- 
ency is laid over the gelatin and is exposed 
to a bright light. The areas which are clear 
in the transparency allow light to pass 
through and the gelatin under these areas 1S 
hardened. The other parts of the gelatin, 
which are the future printing areas, remain 
soft in varying degrees, depending on the 
darkness of the overlying transparency. A 
Strong light, passed through a screen In a 
separate exposure, breaks up the image on 
the carbon tissue into a series of cells of 
equal size. 


In gravure printing, the sheet of paper instead 
passes between the impression cylinder A and the 
plate cylinder B. It receives the inked image and 
then passes around the delivery cylinder C. Roller 
D fills the indentations in the plate cylinder B with 
ink. Doctor blade E rests on the surface of the plate 
cylinder and scrapes ink from it, leaving the cylin- 
der smooth and dry. The indentations in the sur- 
face of the cylinder retain their ink for the printing. 


The carbon issue is now placed on a 
moistened cylinder. This is rotated ina bath 
of water until the paper backing of the car- 
bon tissue peels off, leaving the gelatinous 
coating on the cylinder. The cylinder is now 
ready for etching. Large areas not to be 
etched are staged, or painted out, by apply- 
ing an asphalt solution by hand. 

The etching solution, ferric acid, is ei- 
ther poured on the cylinder or applied with 
cotton swabs. At first, a comparatively 
strong solution is used. It attacks only the 
soft gelatin areas, which were not exposed 
to light at all because the overlying trans- 
parency was dark in these places. It makes 
a series of rounded indentations, each 
within a cell. Another acid solution, weaker 
than the first, is then applied. It adds to the 
depth of the first indentations and adds a 
new series of indentations, where the gela- 
tin was exposed to the not-quite-so-dark 
parts of the transparency. As many as five 
other acid baths are applied, each one 
weaker than the last. The cells that are 
etched out all have the same diameter but 
vary in depth, depending on the length of 
time they have been exposed to the acid. 
The deeper the etching in the cell, the more 
ink it will hold and the darker the tone it 
will print. 

Proofs are run off from the etched cyl- 
inders and are carefully studied. Additional 
work is then done by hand on the cylinders. 
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For additional durability, certain cylin- 
ders are electroplated with a thin layer of 
chromium. 


PRESSWORK 


Rotogravure presses differ from other 
types in their inking mechanism. The plate 
cylinder rotates in a bath of ink. Resting on 
the surface of the cylinder is a thin blade of 
steel, called a doctor blade. It scrapes the 
ink from the surface, leaving it smooth and 
dry, while the cells retain ink. As the cylin- 
der rotates, paper is pressed firmly against 
the cleaned portion of the cylinder by a sec- 
ond cylinder—the impression roller. Ink is 
then drawn from the cells onto the paper by 
capillary action. 


COLOR PRINTING 


In all three major printing processes, 
various colors can be applied to paper sim- 
ply by changing the color of the ink in the 
fountain. If the differently colored inks are 
not printed one over the other, the process 
is called flat color printing. The plates used 
in the process must be correctly positioned, 
so that color appears in register: that is, in 
the desired place. 

One cannot use flat color printing in 
reproducing paintings or color photo- 
graphs, where many varying shades of color 
are found. For such work, the technique 
known as process color printing is em- 
ployed. It consists of printing one color 
over another so that there is a blending of 
colors, producing a variety of shades. An 
exact reproduction in process color work 
is impossible. However, by exercising great 
care, beautiful approximations of paintings 
or color transparencies can be obtained in 
the three major printing processes, 

The colors of ink used in process color 
printing are yellow, magenta, and cyan. 
Theoretically, these three colors in varying 
combinations can produce all desired 
shades of color, including black. Most pro- 
cess color printers use a fourth color— 

black usually —to give accents and depth 
to the reproduction. 
_ The preparation of process color print- 
ing plates, for all three printing processes, 
begins with color separations. The pho- 
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tographer works from color 3y, which 
he photographs through spec.’ filters. A 
blue filter is used to produc ie yellow 
plate; a green filter, to produc: magenta 
plate; a red filter, to produc. the cyan 
plate. The yellow plate will it all the 
yellows in the original copy, as well as the 
yellow components of other ors. The 
magenta plate will print the enta ele- 
ments in the original; the cy late, the 
cyan elements. The black plate y be pre- 
pared from any one of the colo: separa- 
tions, or from a combination of the color 
separations. Unfortunately, the filters do 
not separate the colors accu: y. Much 
tedious correction by experts is required. 
After the plates have be repared, 
proofs are pulled and correctic we made 
by hand. Throughout the printing opera- 
tion, the slightest variation w fect the 
quality of the reproduction ich will 
depend on the viscosity of the and the 
amount applied to each plate on the press. 
The plates must be kept in accurate regis- 
ter. In the printing press, the paper is first 
imprinted with the yellow plate and then in 


turn with the red, blue, and black plates. 
SOME SPECIALIZED PROCES 


Various specialized printing processes 
are in use throughout the world. Three of 
these are worthy of mention here. Flexo- 
graphic printing, a relief process, uses 
rubber plates to transfer a quick-drying 
aniline dye to paper or cloth. F 

In silk-screen printing, colored inks 
are transferred through a tightly stretched 
silk screen onto paper, cloth or other ma- 
terial. Thus, a stencil containing the design 
is first prepared. The ink is then forced 
through the open places in the stencil and 
through the meshes of the silk screen onto 
the printing medium. Brilliant color effects 
can be produced with this technique. _ 

Xerography is a dry electrical printing 
Process. The ink is in the form of a nega- 
tively charged powder, which is dusted on 
a positively charged printing plate. The 
Powder seeks out the areas that are to be 
printed because these are more heavily 
charged than the other areas. The powder 
on the electrified plate is then transferred to 


paper. When the paper is heated, the ink 


becomes fused, creating a permanent image 
on the pape 
BINDERY WORK 

The r y and varied finishing opera- 
tions that follow printing are performed in 
the bindery. Usually the printed sheet must 
be folded and then trimmed. Publications 
such as bo and magazines are generally 
printed in groups of pages. When the pages 
of one of e groups are folded together, 
they form snature, Which may contain 
from four to sixty-four pages. The number 
of signatures depends upon the size of the 
book or magazine and also upon the num- 
ber of pages in each signature. 


The natures are collated, or gath- 


ered toget in proper sequence to com- 
plete the ; cation. They are then stapled 
or sewn ther in various ways. Some 
publications are saddle-stitched: that is, the 
folded sheets are gathered one inside the 
other and stapled from the back through the 
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center fold. Larger books and magazines 
are collated with one signature on top of 
the next. They are then stitched completely 
through the side from front to back, or sewn 
through the center of each signature, with 
the thread joined at the backs of the dif- 


ferent signatures. 


The ink colors used in process color printing are: 
yellow, a shade of blue called cyan, and a shade of 
red called magenta. Theoretically, in varying com- 
binations, these three colors can produce every 
other shade desired, including black, but common- 
ly black or some other fourth color is added to give 
accents and depth. A color press, such as the one 
shown at left, combines the four colors shown 


above. 
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PHOTOGRAPHY 


by Barbara Lobron 


Photographs are the threads that tie to- 
gether the moments of our lives. Most of us 
have been Posing for, gazing at, and taking 
them since birth. They record the personal 
events—the picnics and trips, holidays, 
birthdays, and graduations—and help tell us 
the news. They advertise products and re- 
produce legal documents, When run together 
in a projector to give the illusion of continu- 
ity, they entertain us as movies. When used 
in the study of the breakup of atoms or to 
capture light that has been analyzed by a 
Spectroscope, they aid science, Via X rays, 
they record the interior Parts of our body; at 
observatories, they bring us closer to the 
stars, 

Photographs immortalize our heroes 
and heroines and keep fresh forever the 
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glance of those we love. And more and more, 
they are used to express our personal vision, 
as creative photography has become a popu- 
lar art form. Its technology is making this art 
form more accessible to everyone. 


TWO SIMPLE FACTS 


Any photograph is based on two simple 
scientific facts: ji Tight passing through a 
lens forms an image. 2. Light darkens certain 
substances. 

In photography light rays reflected fion 
the subject being photographed pass throug 
a lens into a light-tight box, called a camera. 
These light rays affect the light-sensitive ma 
terial that is on the film, which is at the othe 
end of the camera. In this way, an image 1S 


recorded on the light-sensitive film. Later, 
the image is made visible and usable when it 
is treated with certain chemicals. The nega- 
tive image that is produced is later printed on 
light-sensitive paper and appears as a posi- 
tive image, or a photograph. 

irst camera dates back before the 
ıry—the camera obscura (Latin for 
“darkened chamber”). This camera was ac- 
tually a small room with a hole in one wall. 
The hole allowed the light rays reflected off 


external objects to enter and strike the oppo- 
site wall, forming an inverted image of the 
object. An artist would then trace the in- 


verted imaye on the wall. The modern cam- 
era works on the same principle as the 
camera obscura, but instead of the image 
being reflected on a wall, it is reflected and 
recorded on film. 


BASIC PARTS 


No matter how simple or sophisticated, 
all cameras have the same basic parts: 

1. A light-tight box to keep unwanted 
light out and to serve as a frame to hold the 
other parts 

2. A lens to collect the light reflected 
from a subject. 

3. A lens opening to control the amount 
of light reaching the film. 

4. A shutter to control the length of 
time that light reaches the film. It keeps out 
all light until you take a picture. 

5. A viewfinder, which lets you see what 
the camera “sees,” and lets you frame your 
picture area. 

6. A shutter release to open and close 
the shutter. 

7. A film-advance mechanism to ad- 
vance the film for the next picture. 


THE SIMPLE CAMERA 


The simplest kind of camera is called 
the viewfinder camera. It uses a small win- 
dow for viewing and has a fixed-focus lens. It 
offers very limited focusing for close and dis- 
tant pictures. In this class of cameras are the 
old Brownies, and most of the newer pocket- 
Sized, instant-load cameras. P 

These cameras can take excellent pic- 
tures. They are not suitable for serious pho- 
tography, however, because they usually lack 
the wide range of manual adjustments that 
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Viewfinder camera 


View camera 
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35mm single-lens reflex camera 


Twin-lens reflex camera 


Frank Senyk 
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The development of Polaroid color film takes place in the filmpack. 


allow for focus and exposure control, Also, 
such cameras do not permit lens changes. 

The Instamatic-type camera, intro- 
duced in 1963, is a simple aim-and-shoot 
camera with film in instant-load cartridges. 
Such cartridges are simply dropped into the 
camera—no manual film threading is re- 
quired. An innovative camera using a disk- 
shaped cartridge was introduced in 1982. 
The other type of simple camera is the Po- 
laroid. Instead of having to send film out to 
be processed, the picture develops outside 
the camera within seconds before your 
eyes. The secret of this camera is in the 
film, which is already packed with process- 
ing chemicals when you buy it. (Above are 
shown three stages in the developing pro- 
cess, which is automatic.) 


THE VIEW CAMERA 


The view camera is the pioneer camera 
and has hardly changed since its invention. 
It was originally called “view camera” be- 
cause it was used to shoot “views” in the 
early days of photography. 

It has a lens mounted in front, an accor- 
dionlike bellows in the middle, a back that 
holds large film, and a ground glass for 
viewing. The bellows is supported by two 
uprights that slide on a horizontal frame. 
One upright holds the lens, and the other 
holds a pane of ground glass, which can be 
replaced by a light-tight film holder when 
the exposure is to be made. The photogra- 
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Polaroid 


pher composes his view on ground 
glass, then he slides in the filr ven ready 
to take the picture. 

The view camera is fairly heavy and 
must be set on a tripod. It is best used for 
panoramic views, architecture, and studio 
portraits. This kind of photography involves 
no motion. Another feature of the view cam- 
era is that it uses large film, which can be en- 
larged with better results than ry small 


film. 
THE REFLEX CAMERAS 


The term ‘*35-mm SLR” refers to two 
factors: film size and the viewing/focusing 
system. A 35-mm camera is one that uses film 
about 35 millimeters wide. SLR—which 
Stand for ‘‘single-lens reflex’’—refers to the 
other factor: the subject is viewed through 
the lens of the camera. This means that you 
see in the viewfinder almost exactly what 
will appear on the film. 

The SLR has a mirror that reflects the 
image through the lens up into the view- 
finder—hence the term “reflex.” When you 
snap the picture, the mirror moves out of the 
way. This opens a path for the light to travel 
to the back of the camera and expose the 
film. The characteristic click you hear when 
you take a picture with an SLR is the sound 
of the mirror movement. 

The 35-mm SLR is sometimes called a 
System camera because it offers a system of 
interchangeable lenses that can be used with 


that camera. In this way, when you look 
through the viewfinder, you look through the 
lens of your choice. 

Another type of reflex camera is the 


twin-lens °x (TLR). The TLR has two 
external lenses and a fixed mirror. The top 
lens, with aid of the mirror, is for view- 
ing. The bottom lens is for taking the picture. 
Viewing a subject on the 60mm x 60mm 
groundgla iewer is more accurate and 
precise th omposing through a 35mm 
viewfinder. But the TLR is bulkier and 
slower to 

LENSES 

The | s the eye of the camera. It is 
made of o | glass that bends light to form 
the image ansmits just enough light dur- 
ing a set interval to make an image of the 
subject on film. 

The photographer controls the amount 
of light sti g the film in two ways: 1) by 
controlling ihe length of time the light 
enters thr h the lens, and 2) by the size 
of the lens opening. A lens can be likened 
to a faucei. Just as a faucet turned on all 
the way lets water through faster than one 
turned on f way, a wide-open lens lets 
in more light than one that is closed down 
to a small opening. 


A lens must be focused. Though your 
eyes automatically adjust, most camera 
lenses do noi. For a sharp picture of an ob- 
Ject, the lens must be moved to a certain dis- 
tance from the film. To focus on distant 
Objects, the lens is moved back closer to the 
film. For nearer objects, it is moved forward, 
away from the film. 

A lens is described partly by its focal 
length. A lens has a certain focal length. This 
characteristic is the distance the lens must be 
from the film to give a sharp image of a dis- 
tant object, when focused at infinity. 

Lenses come in normal, short, and long 
focal lengths. A lens with a focal length of 50 

meters is a normal lens for a 35mm cam- 
fra. It has an angle of view of about 47 de- 
rees. When you look through the viewfinder 
While using this lens, you will see about what 
You would with your own eyes. It is this nor- 
mal lens that is most often purchased with 
the 35mm camera. 
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Short (28mm) wide-angle lens 
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Medium (50mm) normal-angle lens 


Long (135mm) telephoto lens 


360° lens, or fisheye 
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The focal length of a lens is related to its 
angle of view. A lens with an angle of view 
much greater than 47 degrees is considered 
wide-angle. It lets you get a bigger view into 
the frame. Such a lens shows things small 
within a wide field of view. It can take in 
whole landscapes, The lower the mm num- 
ber (focal length), the broader the horizon 
will be. 

Long lenses act like telescopes. They 
have a narrow angle of view—much less than 
47 degrees—and they “see things large.” 
They produce a close-up of a distant object 
through magnification. It is the ideal jens 
with which to shoot a far-off football player 
or the tiger in the wilds. The bigger the mm 
number (focal length), the bigger the image. 


THE LENS AND PERSPECTIVE 


In photographing, the choice of lens de- 
termines the perspective, or the way things 
look from a given viewpoint. Perspective is 
concerned with the changes in apparent size 
of objects at varying distances from each 
other and the observer. A psychological no- 
tion of closeness is implied by bigness, while 
distance is implied by smallness. 

The different ways that normal, short, 
and long lenses show things in pictures are 
due largely to the different distances of the 
camera from the subject. If all three lenses 
are used at the same position from the sub- 
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ject, the same view with the s perspective 
will appear in each picture. By subject that 
fills up the telephoto picture will be smaller 
in the normal-lens picture and tiny in the 
wide-angle one. 

Using a normal lens to change perspec- 
tive can create difficulties, | xample, if 
you move in close to emph: the fore- 
ground subject, you may lose rge part of 
the background and also dist 1e subject. 
Moving back to bring near < ir objects 
into their proper perspective r cause you 
to lose touch with the subjec ter in the 
foreground—it looks too smal! far away. 

Wide-angle and telepho nses help 
with these problems. Wide a will ex- 
pand the angle of view, es lly when 
shooting interiors. They can nake the 
foreground subject matter mo mportant 
by letting you move in closer e of tele- 
photos, on the other hand, re in a flat- 
tened perspective because distance 
between foreground and background sub- 
jects appears greatly reduced. Telephotos are 
also used for controlling the perspective in 
portraiture that a normal lens would distort. 
For example, when you move in close with a 
normal lens, undue attention is focused on 
the nose. But shooting further back with a 
telephoto reduces the prominence of the nose 
and restores to normal the other size rela- 
tionships of the eyes and ears. 

Illustration by Diana Coleman 


The lower f-stops refer to 
larger aperture openings; 
the higher f-stops refer to 
smaller openings 


Left to right: p 

We have seen that a lens is described by 
its focal length and angle of view. A lens is 
also described by its “speed.” The more 


light-gathering ability a lens has, the “faster” 
it is considered to be. A fast lens is commonly 


used under low-light conditions. If a lens has 
good light-gathering ability, a faster shutter 
speed can be used, which will produce a 
sharper image with a hand-held camera. 


Hence thai lens is considered to be “fast.” 
The lens speed, or light-gathering ability, de- 
pends upon its diameter and its focal length. 

How fast a lens is needed depends upon 
the light available. During daylight hours, 
there is enough light so that the faster lens 
would make no difference. Shooting indoors, 
as in the subdued light in a cathedral, the 
faster the lens, the better. 


THE LENS APERTURE 


In front of the lens system is a circular 
opening, or aperture, whose size determines 
the amount of light that will reach the film. 
The size of this opening is controlled by an 
adjustable mask called the diaphragm. The 
numbers on the lens rim indicate the relative 
Size of the aperture. These numbers are 
called f-stops. The lower f-stop numbers refer 
to larger aperture openings, which expose 
film to more light. The higher f-stop numbers 
refer to smaller aperture openings, which let 
in less light. 

Opening up means letting more light in 
by going from a higher f-stop to a lower f- 
Stop. Stopping down means letting less light 
in by going from a lower f-stop to a higher 
One. As the aperture is opened up (higher f- 
Stop to lower f-stop) the light that is let in 
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\otos made with f/4, f/5.6, and f/11 openings, at same shutter speed. 


doubles with each f-stop. And the reverse is 
true in stopping down. The following table 
gives the standard f-stops and relative 


speeds. 


Relative speed 


small 1X “slowest” 
opening 2X 
4X 
8X 
16X 
32X 
64X 
128X 
256X 
large f/2 512X 

opening f/1.4 1024X “fastest” 


stopping down 


a 
E] 
2 
=| 
E 
a 
° 


In combination with the other exposure 
variable, the shutter speed, correspondingly 
greater exposures would have to be given. 
For example, if it is 1 second at f/11, it would 
be 2 seconds at f/16, and 4 seconds at f/22. 


APERTURE AND DEPTH OF FIELD 


The size of the aperture controls the 
depth of field. This is the amount of space 
in front of and behind the main subject 
that is in acceptably sharp focus. The larger 
the aperture (smaller-numbered f-stop) the 
shallower the depth of field. The smaller the 
aperture, the greater the depth of field. 

The area in focus varies according to 


two other factors. Í Y 
1. The camera-to-subject distance: 


With a particular lens set to a specific aper- 
ture, the depth of field decreases as you ap- 
proach the subject. It increases as you back 
off to a greater distance. It also decreases if 
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the lens is focused closer and increases as it is 
focused farther back. 

2. The focal length: The longer the lens 
(telephoto), the shallower the depth of field. 
The shorter the lens (wide-angle lens), the 
greater the depth of field. 

The photographer uses depth of field for 
certain effects. By using “selective focus,” the 
background can be thrown out of focus to 
emphasize the sharply focused subject. 
Where both foreground and background are 
interesting, great depth of field would be 
preferred. 


SHUTTER SPEED 


The control of light entry by the aper- 
ture is only half the story. Not much could be 
done with a lens if there wasn’t a shutter to let 
light into the camera for a certain amount of 
time. Like each f-stop, each shutter speed 
doubles or halves the exposure at the next 
shutter-speed setting. Standard speeds are as 


Least depth is with long lens, wide ap- 
erture, and close distance. 


You get much more depth with a 
shorter focal length lens. 


You get still more depth using a 
smaller lens aperture. 


And you get the most depth if yo 
Subject is farther away. hie 
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follows: 1 second, 1⁄4 sec., 14 sec., 1⁄4, 1/15, 
1/30, 1/60, 1/125, 1/250, 1/500, 1/1 
What you see on the shutter 
the denominator only—1, 2, 
Like f-stops, shutter spee 
photographic effects besides controlling 
exposure. A very low shutter speed shows 
motion through space, that is, the path of the 
motion. It does this more cle: 
shows the moving object. TI 
the moving object will appear blurred if a 


slow shutter speed is used. For example, a fe 
to-1 second shutter speed will show the path 
of movement of tall blowing grass or swaying 
branches. 


The faster the shutter speed, the less 


blur. A very fast one “freezes” motion, while 
showing the moving object sharply. Action 
moving across your field of vision can also be 
stopped if you follow the moving subject 


with your camera as the shutter is pressed. 3 
This technique is called panning. It keeps the 
moving subject in focus and blurs the back 


Diana Coleman 


Twilight, Ne 

ground, which looks as though it were whiz- 

zing by. In ‘his way a great feeling of motion 

is conveyex 

F-STOP AND SPEED EQUAL EXPOSURE 
Exposure is the amount of light that gets 

to the film. It depends mainly on the light in- 


tensity and the time it is allowed to act on the 
film. An ideal exposure is one in which the 
Negative film includes as much detail as pos- 
sible in both the shadow and highlight areas. 
If too little light hits the film, it is under- 
exposed. This means that the photo will 
be too dark. If too much light hits the film, 
It 1s overexposed. This means that the photo 
will be too light. 

In setting the exposure, the photogra- 
pher must decide whether the image is to be 
Controlled by the aperture or by the shutter. 
When depth of field is most important, pick 
the f-stop first, then find a shutter speed for 
the correct exposure. When motion is most 
important, pick the shutter speed first, then 
stop down or open up for the correct 
exposure. 

An exposure is made with the aid of an 
exposure, or light, meter. This is either built 
into the camera or separate from it and 
hand-held. It measures the scene’s brightness 
in terms that can be used by the camera. The 
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ork City. In the evening, reds and purples prevail. 


light meter contains a photovoltaic cell, 
which converts the light that strikes it into 
electric current. The brighter the light, the 
stronger the current. The amount of current 
is indicated by a moving needle, or it may be 
expressed as a digital readout. 

Nearly all 35mm SLR cameras have 
built-in, through-the-lens light meters. In a 
camera with match-needle (manual) exposure 
control, you adjust the lens aperture and/or 
the shutter speed until the two needles coin- 
cide. With the more advanced 35mm SLRs, 
the matching is done automatically by the 
camera, after the user sets the aperture or 
shutter speed. The most recent development 
is one where both the shutter and aperture 
are pre-determined by means of a program 
within the camera system. 


FILM 
Film is a light-sensitive material that 
records an image. The material is made of 
silver and potassium salts, which are held to 
acellulose-acetate base by means of a gelatin 
emulsion. Exposure to light turns part of the 
light-sensitive material darker than other 
arts that receive less light. The more light 
there is, the darker the tone. 
Films are made with a specific sensitiv- 
ity to light, which is called film speed. The 
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Light consists of three primary colors—red, blue, 
and green. When mixed, they produce white. 


speed is measured on a scale originally set by 
the American Standards Association, hence 
the speeds are referred to as ASA numbers. 
The higher the number, the more sensitive it 
is to light. If a film is very sensitive, a faster 
shutter speed can be used with it. Therefore 
it is known as “fast” film. ASA ratings use an 
arithmetical progression—400 being twice as 
fast as 200 and so on. 

Film speeds fall into the following 
groups: slow is ASA 32 and under; medium is 
ASA 40 to 200; fast is ASA 400 and over. 
Slow film is used when maximum sharpness 
and details are desired. It will highlight tex- 
ture and give full contrast. Medium-speed 
films are excellent general purpose films, par- 
ticularly when there is enough light, as in 
outdoor daylight conditions. High-speed 
nima are used when there is a minimum of 
ight. 
The film’s ASA number is used to key 
the exposure meter to existing light condi- 
tions. People who use 35mm cameras must 
manually set the film-speed dial on the cam- 
era to match the ASA number of the film. 
Those who use 110mm cameras depend on 
the film cartridge to automatically set the 
film speed of the camera. 

Color-slide film comes in an ASA range 
of 25 to 400 and is called transparency film. 
Most color-slide film is indicated on the film 
box by the word “chrome” used as a suffix, as 
in Kodachrome. 

Color prints are made with a color-neg- 
ative emulsion, available in speeds ranging 
from ASA 80 to 400. They are indicated on 


PHOTOGRAPHY 


the film box by the word “color” used as a 
suffix, as in Kodacolor. 
PUSHING FILM 

Both black-and-white and color films 
can be “pushed.” This means that the film is 
rated and exposed at a film speed that is 
higher than the original ASA number set by 
the manufacturer. “Pushing” is usually done 
in order to make it possible to photograph in 
low-light conditions. The photographer sim- 
ply sets the film-speed dial at a hisher num- 
ber. For example, the black-and-white film 
called Tri-X, which is rated by the manufac- 
turer at ASA 400, can be pushed to a new 
film speed of 800 EI (EI me Exposure 
Index, or the film-speed rating that has been 
determined by the user). The photographer 
simply inserts the Tri-X film into the camera, 
and sets the film-speed dial at 800. She or he 
then shoots the entire role at this ñlm-speed. 
When the roll of film is ready for processing, 
the processor must be told that the film was 
pushed to 800. 
LIGHT 

In terms of natural lighting, the main 
source of concern to the photographer is the 
sun. The moving sun during the day deter- 
mines the angle of the light and the types of 
shadow created. The early and later hours, 


when the sun is low on the horizon, provide a 
better angle of light: shadows are long, witha 
soft quality, and the contrasts are soft. At 
midday the sun is bright, shadows are black 
so that contrasts are strong. Subjects are then 
tendered in harsh, flat tones with contrasts 
that are unflattering. 

A similar trip through the day will show 
the sun’s effect in a color photograph. A few 
minutes before the sun appears over the 
horizon, the color has a bluish cast. As the 
sun rises, the color becomes reddish. But the 
reds disappear as the sun reaches its zenith. 
Because noon sunlight is bluish, skin tones 
are not flatteringly rendered. As the sun 
begins to go down, there is a shift towards the 
ted again. The minute the sun touches the 
horizon, brilliant hues of reds, blues, an 
purples briefly fill the sky. 

A knowledge of the direction from 
which the sun lights up a subject is very im- 
portant in photography. Here are the basi¢ 


variations: Front lighting means the light 
source strikes the subject from the front—the 
sun is at the photographer’s back. This pro- 
duces a uniformly lit picture. However, it 
will have few shadows, which are needed to 
g of depth. Front lighting picks 
| and texture, so that the picture 


hiing means the light strikes the 


subject at an angle; that is, from the left or 
right. Side lighting reveals texture and cre- 
ates a certain amount of modeling. The 
highlights and the larger shadows that are 
produced create more depth and contrast. 
This makes the subjects more dimensional. 

Back lighting means the light source is 
behind the subject. This places the subject in 
shadow with little frontal detail. The prob- 
lem in this case is to obtain an adequate ex- 
posure for (he front of the subject to avoid 
producing « silhouette with a halo of light 
around it. 

Artificial light is light supplied by some- 
thing other than the sun or the moon. The 
electronic flash gun is most ideally suited to 
use with a 35mm camera. Modern cameras 
have built-in switches to pass an electric cur- 


Tent to the flash gun (or flash bulb) precisely 
when the shutter is open. 

__ There is a factor in the use of any artifi- 
cial light source called the inverse-square 
law. It states that as you double the distance 
from the subject, the light on the subject falls 
off in direct proportion to that distance 
Squared. Therefore the greater the distance 
you are from the subject, the greater the ex- 
posure needed. 

To determine proper exposure for flash, 
you need to know the distance to the subject, 
the film speed, and the guide number of the 
flash gun or bulb (a value assigned by its 
manufacturer). To find the correct f-stop, the 
guide number is divided by the distance to 
the subject. For example, suppose you are 
using 100 ASA film, the given guide number 
is 250, and the distance is 15 feet. You divide 
250 by 15, and get 16. Therefore, the f-stop 
would be f/16. 


FILTERS 


Black-and-white films are sensitive to all 
the colors that make up sunlight. In a range 


A filter is a colored, transparent material. 


of gray tones, black-and-white films repro- 
duce the light-and-dark values of colored 
objects more or less as the eye sees them. If 
you don’t want to reproduce things as they 
look, a filter will change the light that strikes 
the film. 

A filter is a colored, transparent mate- 
rial. When placed over the lens, it alters the 
density of color of the subject by absorbing 
certain colors and letting others through. A 
filter of any color will “darken” its comple- 
mentary color in the picture and “brighten” 
its own color as translated into the gray 
tones. For example, an orange filter will 
darken a blue sky, and a red filter will lighten 
skin blemishes. 

Because filters work by subtracting por- 
tions of the light from the subject, they pre- 
vent the film from receiving its full exposure. 
Therefore, when a filter is used, the photog- 
rapher must open up the lens aperture or 
use a slower shutter speed. Filters have a fil- 
ter factor, which is expressed as a number. 
For example, a factor of 2 requires that the 
exposure be doubled to get a normal 


negative. 


DEVELOPING 

The “latent image” formed during the 
exposure of the film has to be developed to 
be seen. Developing is the process of making 
that image visible and capable of being used 
as a negative. During a chemical process, the 
exposed silver salts on the film are converted 


to metallic silver. 
After the film is removed from the cam- 
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Equalizing the temperature of all chemicals. 


a 
Pouring chemicals into film container. 


Agitation of film with chemicals. 


| 


era, it is placed in a tank, and the developer 
is added. It consists of one or re devel- 
oping agents and other chemicals that regu- 
late the process. The developing agents— 
usually a combination of Metol and hydro- 
quinone—bring out the image. Whereas the 
initial light exposure determines density, the 
development process determines contrast, 


Therefore, the longer a film is lefi in the de- 
veloper, the more contrast is built up. After it 
is developed, the film is rinsed in water to 
stop the action of the developer. It is then 
bathed in a fixer, called “hypo.” This makes 
the image permanent by dissolving the un- 
used silver salts that were not exposed. Then 
the film must be thoroughly washed in run- 


ning water and hung up to dry 

In this way a negative is produced. It is 
an image in which dark stands for light and 
light for dark. The negative is usually not 
meant to be seen. It is a means to an end— 
the positive print. 


PRINTING 


The print is made by p: 
through a negative onto printing paj 
paper is coated with a gelatin that contains 
light-sensitive silver salts, similar to that used 
for negatives, but less sensitive 

Ifa print is the same size as the negative, 
it is called a contact print. The printing paper 
is pressed tightly against the negative in a 
glass frame. After being exposed to the light 
of an electric bulb for a few seconds, it is de- 
veloped, rinsed, fixed, and washed. This pro- 
cess is done in a series of trays under a yellow 
“safelight,” which does not harm the 
emulsion. 


Necessary Supplies for developing black and 
white film. These are easy to obtain. 
Daniel Hunter 


Extensive washing. 
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Prints larger than the size of the emul- 
e by projection. They are en- 


sion are n 

larged by enlarger, a device that works 
like a turned-around camera. Strong light is 
thrown on ‘he negative, and a lens projects 
the negative image to any desired size on the 
printing paper. It is then processed in the 
same way a contact print. 

COLOR 

If you nt to know what is happening 
in color p} raphy, you need some knowl- 
edge of t ay colors are related. Light 
consists «< ree primary colors—ted, blue, 
and greer hen these are added together 
from sepa sources, white light is created. 
Red, blu d green are also described as 
additive co because they must be added 
one to another to achieve an effect. 

Color film is similar to a black-and- 
white film containing three layers of emul- 
sion, Eact ulsion layer is sensitive to only 
one of the primary colors. The bottom layer 
is sensi o red but not to green. The 
middle layer is sensitized to green and 
slightly to blue but not to red. Next comes a 
yellow-dyed gelatin, which prevents blue 
light from hing either of the lower levels. 
On top is a blue-sensitive emulsion. 

During the developing process, dyes are 
deposited in direct proportion to the amount 
of exposure received by each of the three 


layers. Once the dye is deposited, all metallic 
silver and remaining silver salts are removed 
by bleaching and fixing. The result is a color 
negative. 

_In an enlarger, the color negative is then 
Projected onto a sensitized color printing 
Paper. The three primary emulsion layers of 
the color printing paper are in the reverse 
order of those of the color film. Since almost 
all color negatives require some kind of color 
Correction when printed, certain filters are 
inserted in the enlarger’s light beam to adjust 
the color as desired. 

So far we have been referring to color- 
Negative-to-positive print process. In the 
slide, or transparency, process, a positive 
image—not a negative—is produced at the 
time the film is initially developed. Ko- 
dachrome slide film consists of a piece of ace- 


- Gloria Laposka 
Side lighting produces depth and strong contrast. 
tate that is coated with three emulsions 
sensitive respectively to blue, green, and red 
light. Between the blue-sensitive and green- 
sensitive layers is a layer of yellow dye, 
which acts as a filter to subtract the blue light 
and thus prevent it from reaching the other 
layers. 

The three emulsion layers are developed 
to negatives, and are dyed. By special tech- 
nique these three negatives are reversed to 
positives. The result is a transparency, which 
can be projected for viewing or from which a 
color print can be made. 


FUTURE TRENDS 


The direction of camera and lens devel- 
opment indicates ever smaller bodies, com- 
pletely programmed automatic exposure, 
and auto-focusing lenses. Preserving color 
transparencies now in existence and creating 
new color emulsions for prints and trans- 
parencies that would prevent them from fad- 
ing with age are two more challenges that 
seek solution in the future, as well as im- 

rovements in the present levels of technol- 
ogy in instant color imaging systems, both 
still and movie. A complete substitute for sil- 
ver in film and papers is more than likely; 
electronic newcomers based on the principles 
of TV may become a viable alternative to the 
photographic materials and process as we 


know them today. 
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Polaroid 
In this camera ultrasonic waves from the camera 
strike the subject and return to automatically focus 
the lens. 


Some Tips For Taking Better Pictures 
1. Keep your camera steady. If shooting 
slower than 1/60th of a second, you should 


steady yourself against an immovable 
object. 


2. Have one center of inter 
cluttered backgrounds. 

3. Including a second subjec 
the photo more interesting 

4. Move in close. Get the su 
don’t lose it in the backgroun: 
more interesting if subject fills 
5. Have your subjects doi 
natural instead of staring at t 
6. Use an interesting foregro 


tree, arch, or gate for framing y 


7. Put scenes in perspectiy 
people. When shooting di 
people in the foreground inc: 
ing of depth and size. 

8. Don’t always put the sı 
middle. 

9. Test your view horizont 
tically to see which way wor 
10. Use lines for interest anc 
natural lines, such as a road í 
the eye up to the center of i 


Often, things are not what they seem to be, especially in black-and-white photography. 
What looks like an eclipse of the sun, reflected in a lake, in the photo below, is actually 
just a “happy face" pasted on a window. The window is corrugated (wave-like) and trans- 
lucent. The photo was taken inside a cabin. Light passing through the window created a 
back light that underexposed objects in the scene, making them appear black. Photo- 
graphers often experiment like this to create impressions and moods. 
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Riki H. Kondo 


tical lines are strong; horizontal lines are 
calm; diagonal lines are dynamic. 

11. Be aware of background. Avoid mer- 
gers of subject and background. Get sub- 
jects away from busy backgrounds. If you 
can’t, then open up the lens to blur the 
background. 

12. Consider the horizon line. Don’t cut 
your picture in half by having the horizon 
in the middle. A low horizon accents spa- 
ciousness, a high one suggests closeness. 
Make sure the horizon is level. 

13. Give a moving object plenty of space 
in the direction it is moving. 

14. Make sure that the colors and bright- 
ness of the subject and background con- 
trast. 

15. The main subject should appear 
brighter than anything else because the 
eye is pulled toward the brightest object. 
16. For portraiture use a slightly longer- 
than-normal focal-length lens to overcome 
an unpleasant distortion of the subject at a 
close focusing range. 


A fine example of black-and-white photography. 


17. Don’t lop off arms or legs because of 
bad framing. 

18. The closer you get to your subject, the 
larger any part of the body will appear. If 
you don’t want big hands and small heads, 
pay attention how features appear in the 
viewfinder. 

19. The eyes are the focus of the face, so 
focus on the eyes. 

20. Color-negative film is better if slightly 
overexposed. Color-reversal film is better 
if slightly underexposed. 

21. Avoid shiny reflections by placing the 
camera at an angle to shiny surfaces, such 
as windows or eyeglasses. 

22. When using a built-in flash, keep the 
subject away from walls, or you will get a 
strong shadow on one side of the subject. 
23. When the sun is bright, photograph 
your subject in open shade; this makes 
people look better. 

24, Think of the angles for shooting. Shoot- 
ing from a low angle provides an unclut- 
tered sky background. 


Barbara Pfeffer 
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Microfilm is available in a great number of forms to fill a wide variety of needs 
Microfilm has solved many information storage problems 


MICROFILM 


by R.F. Beckwith 


In 1870, when the Prussians and their 
German allies were besieging Paris, the in- 
habitants could neither receive nor send 
messages through the ordinary channels, 
Yet the flow of news into and out of the 
city was kept up throughout the siege 
because of the ingenuity of a French pho- 
tographer named Dagron. He had con- 
ceived the idea of photographing messages 
on narrow strips of film. These were devel- 
oped and flown over the enemy lines by 
carrier pigeons. At the destination points, 
the tiny pictures were projected upon walls 
or other suitable surfaces, or else those 
receiving the messages read them through 
magnifying glasses. To Dagron’s brilliant 
improvisation, we owe the basic idea of 
microfilming, one of the outstanding dupli- 
Cating developments of the twentieth cen- 
tury, 


By microfilming we mean recording 
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tman Kodak 
documents—book pages, letters. checks, 
maps, contracts, and the like na ae 
ribbon of film. The film is de eloped an 
stored away until needed. Then it is en- 


larged by special reading devices 
EARLY DUPLICATORS 


People have always been careen 
with the problem of duplicating records. 
lost will may lead to years of bicker 
among the prospective heirs of an estate. 
lost receipt may mean endless trouble i 
person. An entire community may be al- 
fected by a missing town charter. More 
than one business firm has been forced ee 
bankruptcy because its records were S 
stroyed by fire, flood, or earthquake. The 
only way to prevent mishaps like these is A 
make duplicate records, which will serve i 
originals are lost. 

> Up to the end of the Middle Ages: 


duplicating of documents of all kinds, in the 
Western world at least, was by hand. It is 
said that the Chinese used movable wooden 
blocks to print official proclamations. In the 
fifteenth century. Gutenberg’s invention of 
printing from movable type enabled men to 


make thousands of copies of books and 
other documents in a fraction of the time 
formerly required. 

Printing has been used since Guten- 
berg’s time for the duplicating of docu- 
ments, but only when a considerable 
number of copies are desired. It costs as 
much to set type for one copy of a letter, 
say, as for a thousand copies. The cost of 


making a single printed copy would be very 
much higher than the cost of typing it. The 
duplicating methods known as mimeo- 
graphing and multigraphing are also prac- 
tical only when a considerable number of 
copies of an original are desired. 

Up to a comparatively short time ago, 
the duplicating of records, in cases where 
one wished to have only one or a few 
copies, was entirely by hand—by writing or 
typing. Such duplication was time-consum- 
ing and errors sometimes crept in, for the 
copyist could not do his work with the ac- 
curacy of a machine. 

Photocopying, or the creation of a 
copy on a sensitized surface by the action 
of light, has proved far more satisfactory. 
There are various photocopying methods, 
including the Photostat, the Verifax, the 
Electrofax, xerography, and smokeprinting. 
The thermographic method, which has 
become quite popular, is not, strictly speak- 
ing, a photocopying method, since it uses 
the heat of infrared rays, instead of light, for 
exposure. 

___ Allof the copying methods mentioned 
in the preceding paragraph result in dupli- 
Cates that take up about as much space as 
the original. Now the problem of finding 
adequate space for industrial, educational, 
scientific, and other records is becoming 
More and more acute. Government bureaus 
and business offices alike have been 
Swamped with documents that in some 
Cases have been piling up for hundreds of 
years. As libraries grow, they find it more 
and more difficult to provide shelfroom for 


The four basic 
operations in a 
microfilm system E BO” 


Microfilming documents 


Processing film 


Filing microforms 


Eastman Kodak 


With units to carry out these basic functions, a large 
complex information storage system can be main- 
tained in a relatively small area. 
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Microfilm systems combined with computer systems 
can result in highly efficient information retrieval pro- 
grams. Here is one system that translates all kinds of 
Paper-based information into the language of a com- 
puter. First, the information is transferred to micro- 
film. A cathode-ray tube scans the film, extracting 
image data in up to 512 values of gray, from black to 
white. The image is stored on magnetic tape, in the 
form of a clean binary image, produced by various 
enhancement techniques. Depending on the user's 
needs, the material on the tape can be converted 
and put onto microfilm, 35mm. film, paper, or a plate 
that goes directly onto a printing press. 


new books, pamphlets, magazines, and 
newspapers. Yet one cannot simply destroy 
old records in order to make way for new 
ones. 


MINIATURE PHOTOCOPIES 


Microfilming, which is a Photocopying 
process, has solved the problem, for it 
makes it possible to store records in a frac- 
tion of the space formerly required. As we 
have seen, the idea itself goes back at least 
as far as 1870; but the first practical 
microfilming apparatus was developed in 
the 1920s by George L. McCarthy, 

The film used is made of cellulose ace- 
tate. It comes in two widths: 16 millimeters 
and 35 millimeters, Sixteen-millimeter film, 
which is like that used in home movie cam- 
eras, serves for ordinary business docu- 
ments, such as bank checks, cards, letters, 
and legal papers. Bound books and large 
documents, such as newspapers and engi- 
neering drawings up to 95 by 133 centime- 
ters, are recorded on 25-millimeter film, the 
size used by many amateur Photographers 
for their cameras, 

A reel of microfilm is loaded in the 
camera and the document to be pho- 
tographed is brought into focus. As the roll 
unwinds, a small section of film is brought 


*Editor’s note: The drawings and di; 
adapted from material supplied by the Life picture collection, the Minox 
Corporation, the Recordak Corporation, the United States Army (Tech- 
nical Manual 12-257) and the United States Department of Justice. 


lagrams in this article were 
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Adapted n International 
into position opposite the < i lens, An 
exposure is made. Then th of film is 
wound away from the lens ew section 
takes its place, and another document is 
brought forward to be phot: hed. 

In the case of small d vents, such 
as checks or receipts, the op» -ator of the 
microfilm apparatus has on! ) feed the 
documents into the machine apidly as 
Possible. In a single automatic operation 
the shutter clicks and the fil) advanced 
the correct amount for the n exposure. 
Focus, light intensity, distance ‘rom lens to 
Subject, diaphragm opening—al! are fixed 


and require no adjustment. 

Large documents are laid on a flat sur- 
face and photographed by a special camera 
unit that can be raised or lowered ona sup- 
Porting platform. Bound volumes can be 
Photographed without removing the bind- 
ings. For this purpose the machine is 
Provided with a mechanical book cradle 


e 
In the system shown above, a raw gray-scale i 
(left) is converted to a “clean” image with cons 
line width (right). 


Raw Gray- 
Scale Image 


Computer 


Conversion Tape i 

(Magnetic) Pinay imaga 
that automatically brings the individual 
pages in turn beneath the camera lens. It is 
possible to photograph two pages simulta- 
neously. Before the exposure is made, a 
beam of light is projected downward and 
outlines the exact area that is to be pho- 
tographed. In this way, only the precise 
amount of film required is used for each ex- 
posure, 


When the reel of film has been entirely 
exposed, it is removed from the camera and 
developed. We now see on the film a series 
of tiny images, separated from each other 
by a narrow border, Each image is greatly 
reduced from the size of the original: a 
document 25 centimeters square can be 
reproduced on 0.7 square centimeters of 
microfilm. 

When the film is developed, it is in the 
form of a negative. This mean that what is 
dark in the original is light in the negative 
and vice versa. Generally the developed 
film is left in negative form. It is wound ona 
reel and enclosed in a cardboard box. If a 
rA contains a number of unconnected 
a it is sometimes cut into compara- 
in ha short lengths, which are placed, flat, 
re ng, thin envelopes or transparent plas- 
ia Jackets and stored in labeled boxes or fil- 
epee. Sometimes cut film is placed 
= oth pockets, sewn on the backs of filing 
cards. The cards are stored in ordinary fil- 
Ing cabinets. 


Coco 


Memory 


Binary Image 


READING MICROFILM 

The tiny pictures are much too small to 
be read with the naked eye. Special projec- 
tors, called film readers, are used to mag- 
nify the images to a convenient size for 
reading. The enlarged image is projected on 
a translucent screen, where every detail of 
the original record is clearly and accurately 
reproduced. The reader can work the film 
back and forth through the film reader by 
means of winding cranks. In this way he 
can refer to any part of the film that he 
wishes. 

In some readers, the film is run for- 
ward and backward by means of an electric 
motor. One such device operates with 16- 
millimeter microfilm, which is placed in 
special containers called magazines after 
the film is processed. A single magazine 
measuring 114 by 114 centimeters can con- 
tain the equivalent of 2,400 pages of 
printed matter. Inserting a magazine in the 
reader automatically starts the motor, 
lights the screen, and threads the film. By 
means of an ingenious coding system, any 
given page on a 30-meter roll of film in a 
magazine can be located in 20 seconds and 
flashed on the screen. 


PRINTS CAN BE MADE 

Positive film prints may be made from 
a microfilm negative, of course. Paper 
prints in any size up to that of the original 
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Bell and Howell 


Micrographics Techi 


rian Associates 


Units that produce and read microfilm have themselves been shrunk over the 


years. Left: a compact microfilm camera can be operated quickly and easily. Right 
this modern microfiche retrieval unit gives a viewer quick access to 9 750 pages of 


data 


document, or even larger, can easily be 
produced from the negative by the ordinary 
photographic enlarging processes, 
Blemishes may develop on microfilm 
after many years of Storage. To guard 
against information loss because of such 
blemishes, more than one microfilm copy is 
often made. Prints are prepared from the 
negatives for the most permanent storage. 


MANY ADVANTAGES 


Microfilm offers many advantages over 
other methods of duplication. It is rapid, 
errorproof, and durable, According to the 
U.S. Bureau of Standards in Washington, 
D.C., microfilm made of cellulose acetate 
will last as long as the best grade of Paper. 

Perhaps the greatest advantage of 
microfilm is that it occupies astonishingly 
little space. An Operator can reproduce 
28,000 cards measuring 7'/, by 13 centime- 
ters, or 10,700 212-by-29-centimeters busi- 
ness letters, on a 30-meter roll of 16- 
millimeter film that can be held in the palm 
of your hand. A 1,600-page dictionary can 
be reproduced on a Part of a roll of film of 
the same size. A four-drawer filing cabinet 
full of microfilm reels holds the equivalent 


MICROFILM 


of 50,000 bound volumes o nary size. 
A single safety-deposit box > vault of 
a bank could hold all ti nfidential 
records of a great busin: nterprise, 
reproduced in the medium « rofilm. 
USES 

Business and industry. Microfilming has 
So far found its widest use in business and 
industry. Banks microfilm canceled checks 
and bank statements, thus protecting both 
the bank and the depositors against loss 


and fraud. Business houses microfilm their 
correspondence files and their accounts- 
receivable records. Engineering depart- 
ments record their mechanical drawings 
and other data. When a leading electrical 
manufacturer microfilmed 4,000,000 old 
shop orders, sketches, drawings, and 
charts, he saved almost one hectare of 
floor space. 5. aus 
In some instances, original business 
documents continue in everyday use after 
Microfilms have been made of them, while 
the negatives are stored in safety-deposit 
boxes. In other cases, the bulky originals 
are destroyed, positives serving in the of 
fice or plant while negatives are stored. 


Introduced 3, the Recor- 
dak Model the world’s 
first practice filmer. While 
it was a goc rument in its 
day, it is € and cumber- 
some by to tandards 

Som: iness houses and factories 
have their ofilming done by companies 
that spec in this sort of service. The 
camera i erally set up in the place 
where th ords are and reproductions 
are made le the ordinary business of 
the firm is veing carried on. The films are 
developec the company that provides 
the service. Other firms rent or buy their 
own micr ing equipment. 

Gove t Federal government 
bureaus in the United States and Canada 
microfilm many of their records; so do 
state, or provincial, county, and municipal 
agencies. Quantities of old records have 


been recorded on microfilm and then de- 
Stroyed, thus releasing valuable space. 
Publishing. Picture research in the files 
of magazines and other publications is 
made easier by means of microfilming. The 
Picture files of one large publishing com- 
pany are indexed mainly by 7!/.-by-13 cen- 
meter catalogue cards. Each of these 
cards features a print made from a micro- 
film negative, and descriptive data. 
Before the development of the micro- 
Iming process, libraries were seriously 
Concerned with the problem of keeping up 
their newspaper files. Such files are very 
bulky and it is difficult to find space for 
them. Besides, newspapers have for years 
been printed on fragile sulfite and wood- 
Pulp paper, instead of on high quality paper, 


Eastman Kodak 


with the result that many of the old newspa- 
pers in the files have crumbled away. 

Nowadays a number of leading news- 
paper publishers are having all current edi- 
tions microfilmed. Some of them have had 
all their old issues recorded on microfilm. 
Newspapers sell positive film prints to 
other newspapers, local libraries, and his- 
torical societies. 

Libraries. Every library has a certain 
number of rare books and manuscripts and 
also books that are too badly worn to be 
used by the general public. Formerly, only 
a few people were permitted to consult 
them. Now a good deal of this material, in 
microfilm form, is available to all. 

It often happened, in the past, that 
scholars wishing to consult rare books or 
manuscripts had to visit the libraries where 
these books or manuscripts were kept, or 
else they had to pay somebody to copy the 
contents by hand. When the photostatic 
method of reproduction was devedoped, 
scholars could have photostats made. How- 
ever, the cost was far too high for the 
average scholar if he had to have many doc- 
uments reproduced in this way. Nowadays 
a number of libraries are equipped to sup- 
ply microfilm reproductions of any item 
included on their shelves or on the shelves 
of near-by libraries. The cost comes to only 


a few cents a page. À 
Microfilm book-charging systems are 
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used in many circulating libraries. The 
microfilmer—a microfilming machine—, 
photographs at one and the same time the 
book card, the borrower’s card, and the 
date on which the book is due. With such a 
system, it is not necessary to stamp the 
date on the borrower's card, or to write the 
borrower’s serial number on the book 
card, or to file the book cards in the 
library. The microfilmer can be operated 
by clerks, who can be taught how to run it 
in a few minutes. This releases trained li- 
brarians for more important library work. 

Special projects. Often, when we seek to 
learn about the civilization of past ages, we 
have to grope in the dark because so many 
ancient documents have been destroyed. 
Microfilming will make it possible to pre- 
serve for posterity a remarkably complete 
record of our own civilization and those 
that follow. A dramatic example of how this 
may be done was provided in 1939, at the 
New York World’s Fair. The Wes- 
tinghouse Time Capsule, a receptacle con- 
taining various exhibits of our civilization, 
was lowered into a crypt at the Fair. It was 
not to be opened again until 6939 
A.D.—5,000 years later, Among the con- 
tents of the capsule were three and one-half 
reels of microfilm. On these had been pho- 
tographed more than 30,000 Pages of 
printed matter dealing with language, litera- 
ture, science, government, industry, re- 
ligion, entertainment—in short, a cross sec- 
tion of man’s way of life in the year 1939, 

During wartime, many valuable British 
manuscripts were lost, To prevent further 
loss, a great number of books and manu- 
Scripts were microfilmed under the direc- 
tion of the American Council of Learned 
Societies, with the full cooperation of the 
British authorities. The microfilmed materi- 
al dealt with a wide variety of sub- 
Jects—American and European history, 
law, the fine arts, music, and literature, 
Copies of each microfilmed reel were de- 
posited in Great Britain and in the Library 
of Congress in Washington, D. C. 


PROGRESS 


The techniques of microfilming and its 
applications have undergone tremendous 
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development. It is now po 
duce almost any informati« 
and display it in many wa; 


ble to repro- 
on microfilm 
Fhe contents 


can readily be shown in a portable viewer, 
automatically projected fr a cassette- 
type film holder, coded and placed on mag- 
netic tape in a computer utomatically 
printed in book or pamphlet form, and so 
on. 

Instead of putting it on film reels, infor- 
mation can be photographically reduced 
onto small cards called ofiche. As 
many as 1,000 standard pa of print can 
be reproduced on a single ı fiche card, 
In a later development lled ultra- 
microfiche, up to 8,000 pas of print can 
go on one film card. Entire books or mag- 
azine files can be recorded ı card, with 
an enormous saying of libr pace. 

Microfilm, however, is onger used 
simply to duplicate printed ter. Today, 
journals, news, books, catalogs. and maga- 
zines may be published ent on micro- 
film alone. Very often a computer is used, 
which speeds the printing tremendously. 

Modern methods of retrieving, or ex- 
tracting, information from stored microfilm 
and microfiche records are also very rapid, 
taking only a few seconds to several min- 
utes. Computers are often applied in this 
task. The many advantages of these new 
methods makes one wonder if there will 


soon come a day when all books and paper 
records will be obsolete. 
reader has a 


eyestrain. 
er our con- 


This light-weight. counter-top microf 
recessed shielded screen to e 
Devices such as this may soon radica 
cept of books, 
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E CHEMICAL INDUSTRY 


by Anthony Standen 


he chemical industry? One 
uppose, that this is the in- 
ikes chemicals, but such a 
id leave much to be desired. 
chemical, after all? Presum- 
chemical substance (an ele- 
ound) and not a mixture. 
acid is a chemical, and the 
sulfuric acid is undoubtedly 
hemistry industry. So is the 
of vinyl chloride, which 
isumer in the form ofa great 
ticles. But common salt and 
ch all of us are familiar, are 
ical substances. Yet proper- 
the preparation of these sub- 
consumer has nothing to do 
ical industry. Salt is simply 
earth or evaporated from 
ar is an agricultural product. 
to modify our first definition, 
‘the chemical industry uses 
make chemicals from other 


stances.“ 


R.E. Hudson 


TWO LEVELS 


The truly chemical industries, which 
manufacture chemicals, are seldom well 
known to the public. This is because we, as 
consumers, do not ordinarily make use of 
chemicals in their pure form. Instead, they 
are converted into products that reach the 
consumer only after a number of opera- 
tions. Consider the chemical ethylene gly- 
col, for example. If you drive an automo- 
bile, you are familiar with one of the prod- 
ucts in which ethylene glycol is used— 
antifreeze. You would almost certainly 
not ask for this product under its chemical 
name of ethylene glycol. Rather, you would 
call for a particular brand of antifreeze. 

The products of the chemical indus- 
tries may have a number of different uses. 
Ammonium nitrate, for example, is used as 
an explosive and also as a fertilizer. A cer- 
tain amount, too, goes into the production 
of nitrous oxide, an anesthetic used in den- 
tistry. Hydrazine is the starting material for 
the manufacture of isoniazid, a drug used in 
the treatment of tuberculosis. 

In the chemical industry, the same 
product may be derived from quite different 
sources. Ethylene glycol can be manufac- 
tured from ethylene, which is derived from 
petroleum. It can also be prepared from 
formaldehyde, which can be made from 
coal, air. and water, or from natural gas or 
from petroleum. ; 

The part that chemistry plays in in- 
dustry is by no means confined to the 
preparation of chemicals by the chemical 
industry. It is of great importance, for ex- 
ample, in metallurgy, which is concerned 
with the extraction of metals from their 
ores and their preparation for practical use. 
The metallurgical processes of smelting and 
refining are chemical processes. They were 
utilized in very distant times when the 


chemistry of reducing ore to metal was a 
and not understood. 


trial-and-error affair, | 
Many other industries—glass, ceramics, 
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paper, leather, beer, wine, and food, to 
name only a few—also depend on chemis- 
try. All these are examples of chemical- 
process industries. They work with materi- 
als that are changed chemically in the pro- 
cess of manufacture, but the end product is 
not a pure “chemical” that will be used by 
some other industry. Many of the chemical- 
process industries are discussed in other ar- 
ticles of this set. 

As a matter of fact, there is some 
chemistry in Practically any industry that 
can be mentioned. For example, chemical 
processes are used in the preparation of the 
ink used ina newspaper printing plant. In a 
textile mill (quite apart from the fact that it 
may be using modern synthetic fibers— 
products of chemistry), there are many 
chemical operations in the sizing, scouring, 
and conditioning of fibers for the successive 
operations. We should bear in mind, too, 
that any industrial Product has a definite 
chemical composition, and that this is 
usually a matter of importance. 


THE CHEMICAL INDUSTRIES 


In the Preceding paragraphs, we have 
given a preliminary survey of the part that 
chemistry plays in industry. We shall now 
devote our attention to the Taw materials 
from which chemicals are made. We shall 
tell how these materials are processed, and 
we shall consider a few of the uses to which 
the end products are put. 


THE CHEMICAL INDUSTRY 


Before prox an be mar- 
keted, the t be tested 
thoroughly research 
chemists a hecking the 
manufactur ess for an 

insecticide 

Dow Chemical C ompany 

For very large segments of the chemi- 
cal industry, the most important raw mate- 
rials are coal, petroleum, natural gas, lime- 
stone, salt, and sulfur. To these may be 
added phosphate rock, fluorspar. anda cer- 
tain number of more specialized materials. 
Note that these substances are all] minerals. 
The chemistry industry proper does not at 
present use organic products to any great 


extent to make pure chemicals. However, 
chemical-process industries. such as the 
paper, textile, and plastics industries, use 
large quantities of organic materials. Paper 
is made from wood. Vegetable and animal 
fibers are still in wide use in the textile in- 
dustry. Agricultural products, such as cel- 
lulose, soybeans, and others. go into the 
Processing of various plastics. 


FOSSIL-FUEL DERIVITIVES 


The name “fossil fuels” is given partic- 
ularly to coal, petroleum, and natural gas. 
They have all been derived from fossil 
organic substances—animal and vegetali 
They go back one or more geologici 
periods, and they have been transformen 
through the operation of a variety of natura 
forces. At one time, the fossil fuels were 
used primarily as fuels. They still serve ne 
purpose, but they are also now reckon 
among the important sources of chemical 
raw materials. i 

Coal. The chemicals derived from coa 
are generally a by-product of the process 


whereby bitïuminous coal is converted into 
coke. This process is called coking. It takes 
place in so d by-product coke ovens, in 
which coa! :s heated in the absence of oxy- 


gen. The id matter remaining in the 
The gas and vapors that 


ovens is í 

result fror > coking are piped to special 
equipment. where they are made to yield 
fuel gas, ai nia, and coal tar. 


Amm (NH), a compound of ni- 


trogen and hydrogen, is a most useful 
chemical. |) serves in the synthesis of plas- 
tics, drugs yes, and many other sub- 


stances. A dilute solution of ammonia in 


water is a -known cleansing agent in the 
home, Am iia gas is used as a refrigerant 
because < e ease with which it can be 
converted to the liquid state. Ammonia ei- 
ther as an iia or in the form of ammonia 
products itally important for fertilizers. 


When ammonia is mixed with air and 


passed ove catalyst, it yields nitric acid. 
Specifica! molecule of ammonia (NH;), 
reacting v 2 molecules of oxygen (202), 
yields a molecule of nitric acid (HNO3) and 
a molecule of water (H,O). Or, as the 
Chemist would put it: 


NH, + 20, > HNO; + H,O 


Nitric acid leads to the manufacture of 
explosives. fertilizers (when combined with 
unchanged ammonia to yield ammonium ni- 
trate, NH,NO,), and to other products. 

Coal tar is an important by-product of 
the coke ovens. After itis piped from these 
Ovens, it is dried, heated, and distilled, 
yielding a viscous liquid or solid called 
Pitch, as well as a number of other prod- 
ucts. Some of these products can also be 
Obtained by stripping, or taking the sub- 
Stances from, the coke-oven gas. These 
Products include benzene (CsH,), toluene 
(C;Hs), naphthalene (C, Hs), anthracene 
(C\,H,o). phenol (CsH;OH), and cresol 
(C;H;OH). They are chiefly hydrocar- 
bons—that is, compounds made up of hy- 
drogen and carbon. More specifically. they 
are known as cyclic hydrocarbons because 
the atoms that make up their molecules 
form one or more rings. Thus, benzene has 
the structural formula 


The cyclic compounds are now being made 
increasingly from petroleum products. 

Benzene is used extensively in the 
manufacture of chemicals, particularly 
styrene and phenol. Toluene is especially 
well known as an ingredient in the explo- 
sive trinitrotoluene, better known as TNT. 
Phenol and some of its derivatives are pow- 
erful germkillers, but phenol is notably im- 
portant in the synthesis of phenolic plastics. 
Napthalene yields various dyes. Cresol is a 
good disinfectant and a useful agent for 
froth flotation, which is a special method 
for separating ores from the minerals con- 
taining them. 

Petroleum and natural gas. Petroleum is 
a mixture of many different kinds of hydro- 
carbons. They are separated by a first step 
called fractional distillation. First the crude 
oil is heated and converted into a vapor. 
Then, since the different hydrocarbons 
have different boiling points, they condense 
at different places in a tall fractionating 
tower and are collected separately. To 
refine the oil further, a number of processes 
may be used. In cracking—sometimes with 
the aid of a catalyst (catalytic crack- 
ing)—large molecules are broken down 
into smaller ones. This is especially im- 
portant in the manufacture of gasoline. 
For other products, a process called poly- 
merization, or building-up of large mol- 
ecules from smaller ones, is used. Liquefied 
petroleum gas (LPG) is also one of the 
products of the fractional distillation of pe- 
troleum. 4 

Natural gas often occurs together with 
petroleum. They are both found in the 
minute pores of certain rocks, including 
sandstone and limestone. Natural gas con- 
sists mostly of methane (CH,), with small 
amounts of other hydrocarbons. In some 
cases it contains helium, sulfur, and carbon 
dioxide, which may be extracted. The gas 
can be processed to yield carbon black, but 
it is used very often as a fuel. 
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CATALYST 


_ HEATING 
COIL 


condensed. 


The chemicals derived from petrole- 
um and natural gas are known as petro- 
chemicals, These chemicals have be- 
come immensely important in the chemical 
industry. They account for about 30 per 
cent of the entire chemical production of 
the United States. They include such es- 
sential chemicals as benzene (CeH,), 
phenol (C;H;OH), methane (CH,), ethane 
(C,Hg), propane (C3Hs), butane (C,H,,), 
ethylene (C,H,), acetylene (C,H,), bu- 
tadiene (C,H,), butylene (C,Hs), isoprene 
(C5Hg), and isobutylene (C,H,). These in 
turn yield an astonishing variety of still 
other fundamental and highly useful chemi- 
cals. 

A rather special petrochemical product 
is carbon black. This substance is prepared 
by burning petroleum fractions or natural 
gas in air that is insufficient for complete 
combustion. Carbon black is very impor- 
tant as an essential ingredient in tires. It is 
also used, although to a lesser extent, in 
printer’s ink. 

Practically all petrochemicals have 
been derived from other sources besides 
petroleum and natural gas, and some still 
are derived from such sources. As we saw, 
such chemicals as benzene, Phenol, and 
acetylene are stil] produced from coal tar. 
Ethyl alcohol was formerly derived exclu- 
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The synthesis of methanol (wood, or 
methyl, alcohol) is carried out by reac- 
tion between carbon-monoxide gas 
(CO) and hydrogen gas (H), promoted 
by the presence of a catalyst. These 
gases are purified, heated, and then led 
to the catalyst, which is usually some 
metallic oxide. The methanol (CHOH) is 


CONDENSER 


METHANOL 


Adapted from Conant a Chemistry of 


Organic Compounds 

sively from agricultural sources. Acetone 
was produced by the distillation of wood 
and later by the fermentation of various ag- 
ricultural products, Butadiene, used for 
synthetic rubber, was made from ethyl 
alcohol before 1920. All of these chemicals 
are derived chiefly or entirely from petrole- 
um and natural gas at the present time. 

From the three fossil fuels mentioned 
above—coal, petroleum, and natural 
gas—the so-called synthesis guses can be 
derived. The processes involved in the 
manufacture of synthesis gas include partial 
oxidation by air, oxygen, or steam, with or 
without a catalyst, and sometimes at high 
pressure. These processes can be made to 
yield either ammonia synthesis gas, a mix- 
ture (not a compound) of hydrogen and ni- 
trogen; or a methanol synthesis gas, a mix- 
ture (again, not a compound) of hydrogen 
and carbon monoxide. 

When ammonia synthesis gas is com- 
pressed, slightly heated, and passed over a 
catalyst, it yields ammonia: 


3H: + N; > 2NH; 


3 molecules of hydrogen (3H,) plus a ma 

cule of nitrogen (N,) yield 2 molecules o! 

ammonia (2NH,). A 
Methanol synthesis gas is made into 


l 


CONCRETE TOP 


HYDROGEN 
OUTLET 


Hooker ce producing 
chlorine (C electrolysis, 
or electric ecomposition, 
of brine- ər solution of COPPER 
sodium cl (NaCl), or CONDUCTOR 
common <£ > chemical ON CATHODE 
reactions j by current 
passing fr 2gative elec- 
trodes (cal to positive PERFORATED 
electrodes jes) liberate STEEL CATHODE 
chlorine f union with pea 
the meta! n (Na), and 
hydrogen m the water etait 
(H,O) A important 
product c cess is SO- 
dium hydre NaOh), bet- 
ter known 
methano ı high-pressure catalytic reac- 
tion: 
+ CO > CHOH 

2 molec \f hydrogen (2H,) plus a mole- 
cule of c n monoxide (CO) yield a mole- 
cule of m inol (CHOH). 
Methano! made into formaldehyde, 
which is constituent of a large number of 
plastics 
CHLORINE DERIVATIVES 

_ Chlorine (Cl) is a greenish-yellow gas, 
with an irritating odor. It has a suffocating 


effect when introduced in sufficient quanti- 
ties into the respiratory system. It is a valu- 
able source of different chemicals. 

__ All the chlorine used in the chemical 
industry is derived from sodium chloride, 
NaCl, which is simply common table salt. 
Sodium chloride is decomposed by causing 
an electric current to be passed through it. 
This can be done in two ways. In one way, 
the electric current goes through a bath of 
Molten salt and splits it into the elements 
Chlorine and sodium. As for the sodium 
Produced in this way, it is needed to synthe- 
Size certain dyes, and as a cooling medium 
for certain nuclear reactors. Sodium chlo- 
Tide can also be decomposed by passing 
electric current through a solution of sodi- 


CHLORINE GAS OUTLET 


BRINE INLET 


SIGHT GLASS 
BRINE LEVEL 


IC OUTLET 


GRAPHITE 
ANODES 


CONCRETE 
BOTTOM 
copper M 
CONDUCTOR INSULATOR 


TO ANODES 
‘Adapted from material furnished by the Hooker Chemical Company 


um chloride in water. The main product is 
chlorine. The co-product is sodium hydrox- 
ide (NaOH), a large-tonnage chemical used 
in the manufacture of soap, textile manu- 
facture, and petroleum refining. Sodium 
hydroxide underlies many other important 
operations in the chemical industry. 

The chlorine derived by electrolysis 
from sodium chloride can be made to react 
with the hydrocarbons obtained from fossil 


Hooker cells for the electrolysis of salt brine. 
Hooker Chemical Corporation 
9 


a8 


265 


266 


ERS SS VV ER 


FIELD CONTROL | 
STATION 


Adapted from material furnished by Texas Gulf Sulfur Company 
Frasch process for raising sulfur from underground 
deposits, Three concentric Pipes, 15,7.5, and 2.5 cen- 
timeters in diameter respectively, lead down to the 
sulfur. The top and bottom parts of the pipe system 
are enlarged in sectional view at the right and below 
to show details. Pure hot water is Pumped down the 
space between the 15-centimeter and 7.5-centimeter 
Pipes to the sulfur, which is melted by hot water 
penetrating it through holes in the outer pipe. Melted 
sulfur sinks and then enters the 7.5-centimeter pipe 
Compressed air from the central, 2.5-centimeter pipe 
aerates the sulfur, forming a froth that moves 
upward through the 7.5-centimeter Pipe to the sur- 
face of the earth. 


fuels. This results in the chemicals known 
as chlorohydrocarbons—a word that de- 
notes compounds containing carbon, hydro- 
gen, chlorine, and no other element. The 
chlorohydrocarbons are versatile materials, 
They are used in making more than one 
kind of synthetic rubber as well as the an- 
tiknock compound in gasoline. They also 
serve in the production of paint removers, 
refrigerants, vinyl plastics, several types of 
insecticides, and in electric insulation, as 
well as in dry cleaning and fireproofing. 


SULFUR DERIVATIVES 


Sulfur enters the chemical industry 
from several sources, Among the more im- 
portant of these are sulfur-containing de- 
posits in Sicily, Louisiana and Texas in the 
United States, and Parts of Mexico. At one 
time, the sulfur deposits of Sicily were the 
chief source of the world’s sulfur. They still 
account for considerable quantities. 

Most of the world’s sulfur is produced 
in the United States from the free deposits 
in Texas and Louisiana. It is not necessary 
to mine the sulfur. It is taken out by the 
method known as the Frasch Process. A 
hollow iron casing is driven down into the 
sulfur-bearing deposits. Within this casing 
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WASHING 
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acid. The 


Adapted from Nitz, O.W., Introductory Chemistry 


for making sulfuric acid (H,SO,). At far left, sulfur is burned to 
jas sulfur dioxide (SO,), which is then passed through a series of 
dust is removed, it is washed in water, and then dried in sulfuric 
next purified in arsenic and led to the catalyst (usually a com- 


pound of vanadium) which causes SO; to combine with oxygen (O) to form sulfur 
noes (SC ). is absorbed in sulfuric acid to form HSO; Water is added to 
make sulfur d 


are three concentric pipes. Superheated 
water, at a temperature of about 165° Cel- 
sius, is forced down between the two outer 
pipes onto the ore bed. Since the melting 
point of sulfur is only 110°-120° Celsius, 
the hot water melts the sulfur. Compressed 
hot air is pumped down the innermost pipe. 
A mixture of hot water, hot air, and molten 
sulfur is then forced up to the surface in the 
form of a froth through the space between 
the innermost pipe and the one next to it. 
The sulfur obtained in this way contains 
almost no impurities. 

Sulfur is also obtained as a by-product 
of some smelting processes. The ores of 
many valuable metals, such as copper and 
zinc, are sulfides—that is, compounds of 
sulfur and the desired metals. When these 
ores are roasted, freeing the metals, the sul- 
fur is obtained in the form of sulfur dioxide, 
from which sulfuric acid is then derived. A 
certain amount of sulfur is also obtained 
from “sour” natural gas—the bad-smelling 
hydrogen sulfide, H,S. 

Most sulfur is converted into sulfuric 


the rust that covers manufactured steel at 
various stages of processing. It serves in 
petroleum refining and in the manufacture 
of rayon, detergents, dyes for textiles, and 
pigments for paint. It is used, too, as a re- 
agent in the chemical laboratory. 

Free sulfur also has many uses. It is a 
basic material in vulcanizing. It is an active 
material in many fungicides. It serves in 
various medicinal products, such as sulfur 
ointment, to combat various microorga- 
nisms. The compound sulfur dioxide (SO,) 


is used in preserving fruits. 
LIMESTONE DERIVATIVES 


Limestone is made up mostly of cal- 
cium carbonate. It often contains various 
other compounds, such as magnesium car- 
bonate and some compounds of iron and 
aluminum. There are vast limestone depos- 
its in every continent. Most were laid down 
in areas that were formely covered by the 
sea. Many deposits were derived from the 
shells of sea creatures that lived millions of 
years ago, others from calcium carbonate 
ntained in seawater and that was 


acid (H,SO,), which i factured in that was co 
203, is manufacture wa n ee | 
great antiti ical. recipitated. Limy muds were formed in 
Saunas ee chemia Tie ase of the ages and solidified into 


The uses of sulfuric acid are legion. It 
Serves in the manufacture of fertilizers. It is 
indispensable in steel pickling—removing 


limestone, which became available as the 
oceans receded and the land was raised. 
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Vast quantities of limestone are used 
in the smelting of iron ore. Here limestone 
is used as a flux—that is, it fuses with 
various impurities in the iron ore and car- 
ries them off as slag. 

When limestone is heated in a special 
kind of kiln, called a limestone kiln, it yields 
calcium oxide, or quicklime, and carbon- 
dioxide gas, as indicated in the formula 


heat 
CaCO, > CaO + CO, 


It is used in making mortar for building pur- 
poses. It also serves in many chemical 
operations, such as glassmaking, sugar 
refining, and water treatment. 

Ina very special use of lime, it is mixed 
with coke from coal (or petroleum) and 
heated to make calcium carbide, Cac,. 
When water is added to calcium carbide, 
acetylene, C,H,, is obtained. This is used 
sometimes, though on a small scale, to 
make a very brilliant light. It is also used in 
welding and other operations requiring a 
hot flame. Actually, however, its most im- 
portant use is as an intermediary compound 
in the manufacture of many chemicals. 


FLUORINE DERIVATIVES 


Fluorine is the most active, chemi- 
cally, of all the nonmetallic elements, It is 
the most electronegative of all the ele- 
ments. Hence it combines readily with al- 
most all the chemical elements. In fact it 
has been made to react with xenon and 
krypton—so-called inert gases. Fluorine is 
a pale-yellow, highly poisonous gas. A 
number of its compounds are toxic. 

Fluorine is found in nature as an ele- 
ment in various compounds. The most im- 
portant source of the element is fluorspar, 
calcium fluoride, CaF,, which has long 
been used in metallurgy to lower the melt- 
ing points of various ores. Fluorine is al- 
so a constituent of the mineral cryolite 
(Na;AIF,), which is used in the processing 
of aluminum. Elementary fluorine is gener- 
ally obtained by the electrolysis of hydro- 
gen fluoride (HF). 

_ Fluorine and its compounds have a va- 
riety of industrial uses, Hydrofluoric acid 
(HF) reacts with glass and therefore is used 
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to etch glass in the manufac > of ther- 
mometers, chemical containers and deco- 
rative glassware. This acid is «iso used to 
remove various impurities from stainless 
steel. 

Certain gases, such as t juorocar- 
bons, containing fluorine, cart chlorine, 
and sometimes hydrogen, arc eal as re- 
frigerants, particularly beca they are 
nontoxic. These compounds : iso used 
as propellants in aerosols, | in spray 
tubes to deliver insecticic shaving 
creams, cake icing, and other varations, 
This use is controversial, sin juorocar- 
bons are harmful to the ozone er, an at- 
mospheric layer that protect ie earth 
from the sun’s rays. Their fi > use as 
propellants will be limited. 

The name fluorocarbons denotes com- 
pounds consisting of carbon a: fluorine 
atoms. They have found many among 
other things, as insulation for tric wire 
and in the manufacture of plastic ‘ubing. A 
fluorocarbon called PTFE | polyte- 
trafluorethylene) has become we!! known in 
the kitchen, because of the fact that water 
will not wet it. PTFE is better <nown by 
some of the trade names, such as Teflon, 
among others, given to it. It has remarkable 
nonstick properties. If a pan has been 


Coated with the substance, you can fry eggs 
without any butter or fat, and they will not 
stick to the pan. PTFE is an example of an 
abherent—the opposite of an adherent. An 
adherent, or adhesive, makes things stick. 
An abherent prevents them from sticking. 
PTFE is remarkably smooth and slippery. 
For this reason it is sometimes used for 
bearings that never need lubricating. 
Certain fluorides have been added to 
water in very small quantities in many com- 
munities, because fluorides markedly less- 
en the number of cavities that develop in 
the teeth. An excess of fluorides, such as 
Sometimes occurs in certain natural waters, 
may have some bad effects. For one thing, 
they may cause teeth to become mottled. 


THE CHEMICAL-PROCESS INDUSTRIES 


___ We have turned the spotlight on some 
important raw materials of which the chem- 
icals of industry are made. There are many 


cooling 


others, which we have not been able to 
discuss for lack of space. Let us now briefly 
consider a few of the industries that make 
extensive use of chemicals. 


FERTILIZERS 

The fertilizer industry is now a huge in- 
dustry in the United States. It will become 
increasingly important throughout the 
world as cíforts are redoubled to feed the 
world’s growing population. 

Three principal elements have to be 
provided in suitable form in fertilizers. 
These are nitrogen, phosphorus, and potas- 
sium. 

Nitrogen is supplied very largely from 
ammonia derived from fossil fuels. Ammo- 
nia for fertilizers is available in several 
forms. lt may be used as ammonium ni- 
Diagram for production of fiuorine gas (Fə). 
Hydrofluc id (hydrogen fluoride, HF) is decom- 
posed by « ricity to yield free fluorine and also hy- 
drogen ga i). The interior sides of the steel cell 
and the cer partition act as cathodes, or negative 
electrode anodes (positive electrodes) are 
made of c HF is mixed with a conducting solu- 
tion, or e yte, so that current is able to pass. 

Adapted ation furnished by Allied Chemical Corporation 
SOURCE OF 
DIRECT CURRENT 
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trate, be combined with phosphates, as am- 
monium phosphate, or used as urea. A cer- 
tain amount of the nitrogen used in fertiliz- 
ers is supplied from sodium nitrate, a min- 
eral that occurs naturally in Chile. A cer- 
tain amount, too, is derived from am- 
monium sulfate, recovered as a by-product 
from the conversion of coal into coke. 

Phosphorus is obtained as phosphate 
rock. It has to be treated with sulfuric acid, 
or in various other ways, to make it applica- 
ble as a fertilizer. These methods of treat- 
ment also lead to phosphorus products that 
are valuable in other ways, such as laundry 
chemicals. (In some plants, fluorine, which 
occurs with the phosphates, is recovered, in 
a form suitable for fluoridating water.) 
Phosphorus can be used in various forms as 
a fertilizer—as superphosphate, triple su- 
perphosphate, and phosphoric acid, which 
can be converted into ammonium phos- 
phate. 

Potassium, in the form of several of its 
salts, is obtained from mines. The principal 
sources are Germany, France, and the 
United States, in that order. Potassium 
compounds, nitrogen compounds, and phos- 
phorus compounds are mixed together in 
most of the fertilizers used nowadays. In 
many cases there are added small quantities 
of trace elements that may be necessary 
in certain regions. These trace elements 
include zinc, molybdenum, copper, and 
boron. 


EXPLOSIVES 


Allied in some ways to the fertilizers 
are the explosives. These substances are 
not used by any means exclusively as am- 
munition. Various explosives are used in 
mining, quarrying, demolition work, pros- 
pecting for petroleum, and the excavation 
of oil and gas wells. 

Many explosives—like many fertiliz- 
ers—contain nitrates, Or compounds ob- 
tained from nitric acid. Ammonium nitrate 
is important. It cannot be made to explode 
by itself but it is an ingredient of many 
explosives. Cellulose nitrate and glyceryl 
nitrate, or nitroglycerin, are important ni- 
trogen-containing explosives. f A 

Many modern explosives are in plastic 
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form. The old-fashioned gunpowder, a mix- jackets, pictures, color photographs, and 
ture of potassium nitrate with smaller decorated objects. 
amounts of charcoal and sulfur, is much 


DRUGS 
less used now than formerly. It serves 
sometimes in ceremonial salutes and in In the early years of the twentieth cen- 
fireworks. tury, the German researcher ! =u] Ehrlich 
DYES was a pioneer in the investi n of new 
organic chemicals to find those with cura- 
The chemistry of dyes is one of the tive action against various eases. In 
classical triumphs of the organic chemist. those days chemotherapy- use of 
Starting with the products of coal tar, he chemicals to heal disease—\ jomething 
has synthesized thousands of dyestuffs, new. Today, the use of synthetic drugs, 
ranging through the colors of the rainbow. made from a bewildering variet» of chemi- 
They have not only matched and duplicated cals, has become universal. T ilfa drugs 
nature’s colors, but have surpassed them in and the antibiotics have revolutionized the 
uniformity, brilliance, and permanence. practice of medicine. The medic 2e that the 
The ultimate consumer is constantly in con- doctor last prescribed for you was manu- 
tact with dyes produced through chemical factured, in all probability, in » large es- 
means. The garments that you wear are tablishment from a variety of ore» nic chem- 
Practically all dyed. If you look around the icals. You can be sure, too, that in this es- 


room your eye will light on dyed products tablishment many researchers engaged 
in the rugs that cover the floor, in the paint in a constant search to find ne ynthetic 
or wall paper on the wall, in curtains, lamp drugs to be used against diseases that have 
shades, plastic fixtures, books, book not yet been conquered. 


chemically converted back into a cellulose similar in Composition to the original ma- 
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TEXTILES 


There was a time when the only fibers 
used for making textile fabrics were derived 
from cotton, wool, silk, and linen. These 
fibers are all polymers—that is, they are 


made up of atoms of several different ele- 
ments, arranged in a repeating pattern so as 
to form a very large molecule. 


Chemists have now learned how to 
make entirely synthetic polymer fibers. The 
first was a modified natural polymer. Cellu- 
lose, either from cotton or from wood, was 
dissolved in a solvent, which could be ei- 
ther xanthate or a compound containing 


carbon and sulfur, or cuprammonium, 
which is made from a copper salt and am- 
monia. This solution was then squirted out 
through extremely fine holes into a bath ofa 
chemical that would undo the chemical 


change brought about by the xanthate or 
cuprammonium. This would practically re- 
store the original cellulose, only very 
slightly changed in its chemistry, but now in 


the form of continuous filaments. The 
resulting product was first called “‘artificial 
silk.” This name was given up, however, 
because, although the product is very 
glossy, it is not really the same as silk. It is 
now called rayon. It is manufactured in ex- 
tremely large quantities, for the textile in- 
dustry. It is also used in tire cords. 

Another way of treating cellulose is to 
dissolve it in acetic acid, ultimately produc- 
ing cellulose acetate. It was originally 
called acetate rayon, but it is now simply 
known as acetate. It is decidedly different 
from regular rayon. For one thing, itneeds a 
much lower ironing temperature. 

Fibers such as rayon and acetate are 
called semisynthetic, since they start with a 
natural fiber. The first fully synthetic fiber 
to be successful was nylon, which belongs 
to the chemical family of the polyamides. 
Nylon was developed just around 1940, 
Nylon is used very widely in textiles and in 
tire cord. It has many other uses. 

Polyester fibers (Dacron is the best 


which carbon-disulfide compound is slowly added. This chemical reacts with the 


alkali celli > to form cellulose-xanthate crumb, orange in color. The xanthate is 
now disso. in caustic soda to form viscose solution, which is aged in a tank and 
then filtered to remove any dirt. The viscose is then of the right consistency and is 
fed into the spinning tank. There it is forced through the fine holes of the spinneret 
into an acid bath. The fibers thus formed are thereby converted into cellulose—the 


familiar rayon. The fibers are then collected and removed. 


y 
MIXING TANK 
(Caustic Soda Solution) 
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known brand name) and acrylic fibers (such 
as Orlon and Acrilan) followed, and they 
are in wide use. A newer fiber than these is 
Spandex, which is exceptionally useful in 
formfitting underwear. 


PLASTICS 


Also included among the synthetic 
polymers is the very large class of materials 
known as plastics. The first plastic— 
celluloid—was a modified form of cellu- 
lose. It was made by taking cellulose nitrate 
and making it more flexible by the addition 
of camphor. The most serious disadvantage 
of celluloid was that it was flammable. It 
was largely replaced in time by a variety of 
other plastics, including the formaldehyde 
group, the vinyl group, and newer cellulose 
derivatives that are not flammable. 

They are used in innumerable applica- 
tions: gadgets in the home; automobile 
parts; plastic garden hose; raincoats; in- 
strument panels; electric plugs; buttons: 


The textile industry is a chemical-process industry, 
dependent on chemicals to make fabrics crease- 
resistant and longer-wearing. Synthetics like poly- 
esters and acrylics, and semisynthetics like rayon 
and acetate are chemically-processed 


Cotton, Inc. 
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game counters; and tablewc Methyl 
methacrylate and styrene pl: can be 
made in beautifully clear anc 1sparent 
form. They can be used, say, tirbrush 
handles and electric light fixtu s well as 
for embedding decorative obj: 
SYNTHETIC RUBBER 

Rubber is indispensable in lern life. 
It has innumerable uses in h indus- 
tries, and hospitals, and in far nd play 
areas. It has been supplemen by syn- 
thetic rubber. Not all the rub! nthetics 
have all the qualities of the nat »roduct, 
but each is equal or even su; r to the 


natural product for certain pu: s. 


ELECTRICAL INDUSTRY 


The electrical industry many 
chemical products. Sulfuric diluted 
with water, serves as the electr in lead- 
acid storage batteries. The surf oatings 
of electric motors are made of | jus ma- 
terials—a product of the plast dustry. 
Synthetic rubbers, including sil . butyl, 
and nitrile rubbers, are used f ire and 
cable insulation and coupling: gh-tem- 
perature insulation is provi by the 
oxides and carbides of many n 3 

In this short article, you have been 
given a brief glimpse of the chemical in- 
dustry, one of the largest in the world. Itis 


very high, indeed, in its capital investment 
per employee—another way of saying that 
the amount of equipment and apparatus is 
very large compared to the number of em- 
ployees. This is reflected in the typical ap- 
pearance of a chemical plant. It is in utter 
contrast to, say, a machine shop, or the 
composing room of a newspaper, where 
there are always plenty of busy people 
around. Typical of a chemical plant would 
be large pieces of equipment, often in ex- 
traordinary shapes with no moving parts 
and with hardly any humans in attendance. 
You may not even see the product. Mostly 
it is in vessels, or reactors, or flowing along 
pipelines. Then, right at the end of the 
operation, the product is poured into a 
railroad tank car, or distributed by long-dis- 
tance pipeline. And yet these products 
enter into practically everything we use. 
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Modern plastic fibers are found everywhere—on earth and above it. 


PLASTICS 


by Maurice W. Schwarz 


; Plastics are found almost everywhere 
in the modern world. The reason why these 
Materials are so useful is given in their 
name. To say that a material is “plastic” 
Means that it can be shaped, or molded, into 
different forms. Stone is not plastic, for ex- 
ample. It has to be chiseled into the form 
desired. But other materials that people use 
are plastic to some extent. As far back as 
the New Stone Age. men transformed plas- 
tic clay into pottery containers for their 
food and drink. Later, in the Age of Metals, 
they learned how to mold metals, such as 
Copper, bronze, and iron. From these mate- 
rials they fashioned tools. Waxes, pitch, 
and gums were also worked for various pur- 
Poses. Eventually. other moldable sub- 
Stances were developed—glass. cement. 
concrete, plaster. and rubber. 

Since the middle of the nineteenth cen- 
tury, chemists, physicists, and engineers, 
using all the resources of modern science, 
have created the wide array of moldable 
organic substances we call plastics. These 


versatile materials are used in the manufac- 
ture of many products, from golf tees to 
lifeboats; from movie film to wall panels; 
from hosiery thread to towing rope; from 
overshoes to raincoats; from drinking 
straws to water pipe; from table tops to 
wrappings for meat and vegetables. 

All plastics are moldable, but not all 
moldable substances are called plastics. 
Inorganic substances that can be molded, 
such as metals, clay, glass, and concrete, 
are not considered to be within the scope of 
the plastics industry. Neither is rubber. 


MADE OF POLYMERS 


Each one of the plastics consists of, or 
contains as a basic ingredient, an organic 
substance with high molecular weight that 
can be softened and molded under applied 
heat or pressure, or both. It is made up of 
giant molecules called polymers. Each 
polymer consists of smaller molecules 
joined end to end like a chain. Sometimes 
the chains are crosslinked, in chain-armor 
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The synthetic resin phenol-formaldehyde is a long-chain polymer based on the r 
“link,” illustrated in A above. In B, we show a few links in the polymer chain. The let ; 
O and H stand for the carbon atom, oxygen atom, and hydrogen atom, respective e 
straight lines between atoms represent bonds. It is to be noted that each carbon at 

four bonds, each oxygen atom two bonds, and each hydrogen atom one bond 


fashion. In some cases, each link in a given 
chain is the same basic unit, or monomer. 
Some polymers, known as copolymers, are 
made up of a mixture of two or more 
monomers. 

Most plastics are produced by the syn- 
thesis, or building up, of various chemicals, 
yielding a product in which carbon is com- 
bined with one or more other elements, 
including hydrogen, oxygen, nitrogen, chlo- 
rine, and fluorine. The term synthetic resin 
is often applied to such plastics because in 
some respects they resemble the natural 
substances called resins. These include 
shellac, rosin, and amber and are note- 
worthy for the large size of their mole- 
cules. In preparing the synthetic resins, it is 
necessary to build up smaller molecules 
into polymers under carefully controlled 
conditions. Examples of synthetic resins 
are the alkyds, phenolic resins, and vinyls. 

Other plastics are derived from natural 
organic substances, which are modified 
chemically to produce the desired plastic 
material. The cellulosics, for example, are 
derived from cellulose, a carbohydrate 
found in plants and readily obtainable from 
cotton and wood pulp. 

Casein plastics are produced from the 
protein casein, which is formed when milk 
is curdled. The basic molecules of such nat- 
ural organic substances are polymers. It 
may be necessary to reduce the size of 
these giant molecules in order to produce a 
material that is easy to mold on an indus- 
trial scale. 


TWO MAJOR GROUPS 


All plastics can be divided into two 
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major groups, which are called moplas- 


tic and thermosetting and w} differ in 
the way in which they are affe by heat. 
Thermoplastic materials becon ft when 
they are heated and they hardi hen they 
are cooled. If heat is applic in, they 
become soft once more. Th can be 
molded in the same shape or i lifferent 
shape. Only a physical change nvolved 
and not a chemical change jus sub- 
stances that are not plastic al t in this 
way. Paraffin wax is a well-kno\ xample. 
Among the thermoplastics are lose ac- 
etate and polystyrene. 

Thermosetting plastics are affected 
quite differently when heat is #pplied to 
them. They first become soft anc then hard, 
and after that they cannot be soft “ned again 
by the application of heat. The rmanent 
hardening, called curing, is chemical 


change. It may be compared to the harden- 
ing of an egg in boiling water. The ther- 
mosetting plastics, or thermosers, as they 
are sometimes called, include the phe- 
nolics and the epoxies. 


PIONEERS IN PLASTICS 


The first commercial plastic was Cellu- 
loid, a cellulose nitrate, which was created 
by John Wesley Hyatt, a U.S. printer, in 
1868. He had entered the competition for a 
$10,000 prize, offered for the best substi- 
tute for ivory in the manufacture of billiard 
balls. Hyatt decided to try pyroxylin, a 
cellulose nitrate, as an ivory substitute. The 
British chemist Alexander Parkes had re- 
Ported that if tyroxylin, which is brittle and 
Cannot be molded, was mixed with cam- 
Phor, the resulting substance was moldable. 


It did noi stand up well, however, under 
hard use att improved upon the mixing 
process, 1g pressure and heat, and he 
produced © plastic material that he called 
Celluloid could be formed, machined, 
androlle’. | was not quite right for billiard 
balls, un! nately, and Hyatt did not win 
the com; ion. 

Hov , he found that Celluloid was 
afine sub te for ivory in many products. 
In the e jays, it was used for denture 
plates, cc », cuffs, and shirt fronts. Later, 
it served photographic film, automobile 
window tains, hairbrush handles, and 
many © products. Its position was 
unchalles | for years, but it lost ground 
rapidly better plastic materials were 
develop: the present century. 


In t} st years of the nineteenth cen- 
chemists, Wilhelm 


tury, tw jerman 

Krische Adolph Spitteler, began look- 
ing for mposition material to replace 
slate for kboards. They discovered that 
the actio formaldehyde on casein pro- 
duced a like substance—a plastic that 
lent itsel many uses. About 1900, the 
commer production of casein plastic 
was beg. in Germany and France. The 
product re- ived the trade name of Gala- 
lith (‘mi stone”; from the Greek gala: 
“milk” a ithos: stone”). 


Anot! er important name in the history 
of the plastics industry is that of Dr. Leo 
Baekeland. a Belgian-American chemist. 
The eminent German chemist Adolf von 
Baeyer had noted in 1872 that resinous 
masses were formed when various phenols 


and aldehydes reacted together. These res- 
inous materials were not used in industry 
until 1909. In that year, Baekeland discov- 
ered how to control the reaction between 
phenol and formaldehyde so as to produce 
a useful phenolic plastic product, which 
was given the trade name of Bakelite. It 
could be formed by casting, or by molding 
under heat and pressure. In solution, it 
could be used as adhesive to bond together 
layers of wood, cloth, paper, and other ma- 
terials. Bakelite was the first commercial 
synthetic resin. 

Since 1909, a great many other kinds 
of plastics have been developed and pro- 
duced commercially. The plastics industry 
has been growing steadily and has invaded 
one field after the other. In the United 
States alone, millions of kilograms of plas- 
tic materials are produced for many pur- 
poses every year. 


A TYPICAL PREPARATION PROCESS 


Generally speaking, the chemicals 
from which plastics are made do not occur 
as natural products. They must be manu- 
factured from available resources, such as 
petroleum, natural gas, coal, limestone, 
salt, fluorspar, sulfur, water, and air, to 
name some of the more important. The fact 
that we have to go back to such basic mate- 
rials in the manufacture of plastics has led 
to statements such as “Nylon is made from 
coal, air, and water” and “Polyvinyl chlo- 
ride is made from coal, limestone, salt, and 
water.” This is certainly an extreme form of 
simplification. It suggests a magician s 
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Thousands of everyday objects are made of versatile plastics. 


sleight of hand in breaking some eggs into a 
top hat and turning out an omelet. Actually, 
it is a complicated task to transform basic 
natural materials into chemicals and to 
change the chemicals into plastics. Elabo- 
rate equipment must be provided. Skilled 
scientists, engineers, and technicians must 
be employed. 

To give some idea of just what is in- 
volved, let us outline the processes used in 
the manufacture of the synthetic resin 
melamine-formaldehyde, which is a combi- 
nation of melamine and formaldehyde. 

The starting materials for the manufac- 
ture of melamine are coal, limestone, and 
air. We do not use coal itself as an ingre- 
dient. Rather we use coke, which is derived 
from coal. It is obtained as a by-product 
together with coal gas and coal tar, when bi- 
tuminous coal is heated in an oven. Simi- 
larly, it is not limestone that we use as an 
ingredient in the manufacture of melamine. 
It is lime, which is obtained, together with 
carbon dioxide, when limestone is heated in 
a kiln. Finally, we do not use air in our 
melamine-manufacturing process. We use 
nitrogen, which is derived from air. It is ob- 
tained by compressing, expanding, and 
cooling the air, which becomes a liquid in 
the process. The liquid air is then distilled 
to separate its components. 

The chemist sets to work with the 
three ingredients—coke, lime, and ni- 
trogen. A mixture containing lime and coke 
is heated to a high temperature in an elec- 
tric furnace and forms calcium carbide and 
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carbon monoxide. The calciu arbide is 
heated with nitrogen in an electric oven, 
and the product is calcium anamide, 
This chemical reacts with water and acid 


to form cyanamide, from which dicyan- 
diamide is obtained by treatment with 


alkalies. Finally, dicyandiamide is heated 
with ammonia and methanol t produce 
melamine. So now we have the melamine 
component of the melamine-for aldehyde 
resin. 

The starting materials for the manufac- 


ture of formaldehyde are coal, water, and 
air. First of all, the coal must be c onverted 
to coke, by the process we just described. 
The coke is then made to react with steam 
to form hydrogen and carbon monoxide. 
When these two gases are heated under 
high pressure in the presence of chromic 
oxide and zinc oxide or some other cata- 
lyst, methanol is formed. Methanol vapor is 
then made to combine with the oxygen con- 
tained in air, with the aid of a catalyst. The 
resulting product is formaldehyde. 

We now have melamine and for- 
maldehyde, which are to be combined to 
form melamine-formaldehyde resin. For 
this operation, the chemist uses a stainless- 
steel reaction vessel, called a kettle. It 1s 
Provided with an agitator, a steam jacket 
for heating, and an electric instrument to 
record temperatures. Formaldehyde is run 
into the kettle first. It is followed by 
Melamine and the necessary catalysts. 
After the mixture has been heated and 
stirred by the agitator for a sufficient time. 


the liquid resin is drawn off and pumped 
through a © ‘er press to remove solid impu- 
rities. 

The filtered liquid resin is then mixed 
in a stain! steel double-arm mixer with 
sulfite pu which has been derived from 
wood by chemical and mechanical treat- 
ment. Th xed resin and sulfite pulp are 
dried. Th re then broken down by a cut- 
ter and mi+ed with various modifiers, or 
added st inces, by grinding in a ball 
mill. These modifiers include colorants or 
coloring its, lubricants, and catalysts. 
Some of ground mixture is screened to 
remove Í particles. It is then packed in 
drums an. -old as plastic molding powder. 
The res! the mixture is compacted 
(pressed ther) and is passed through a 
cutter to duce grains of the required 
size. Aft reening, it is packed in drums 
and is s as a material called granular 
molding pound. 

This. en, is a very brief outline of the 
many ch ical and physical processes 
required ransform coal, limestone, air, 
and wa into a typical plastic ma- 
terial—r mine-formaldehyde. 

MODIFIEf 

Many other processes are employed in 
the manufacture of plastics. The addition of 
modifiers of great importance in prac- 


tically all cases, since synthetic resins by 
themselves are usually not suitable for 
molding purposes. 

Colorants are almost always added. 
They include dyes and pigments, such as red 
cadmium, yellow cadmium, and white ti- 
tanium-dioxide pigments. 

Lubricants are also generally included. 
They make it easier to fill a mold when the 
molding powder is made into a finished or 
semifinished product. 

_ Some plastics develop a charge of stat- 
ic electricity, which causes dust to adhere 
to their surfaces. Destaticizers are added to 
the plastic mixture to overcome this trou- 
ble. One type of destaticizer increases the 
electrical conductivity on the surface and 
thus allows the static charge to leak away. 
__ Exposure to sunlight causes some plas- 
tics to deteriorate. This is offset by the ad- 
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Strong, flexible fiberglass is widely used in the 
manufacture of sports equipment 


dition of substances called stabilizers, 
which include organic-acid compounds of 
barium, cadmium, calcium, and zinc. 

Other modifiers serve as flame and fire 
retardants. Among these are organic phos- 
phorus compounds, which are chemically 
combined with bromine or chlorine. 

When suitable fillers, such as carbon 
black, clay, cotton flock, mica, and wood 
flour, are mixed with plastics, they add 
bulk. make the material less porous, and 
reduce the over-all cost. Plasticizers are 
other important modifiers. They are in liq- 
uid or solid form and they are added to plas- 
tic powder to improve flexibility and pro- 
vide other desired properties. Something 
like 400 organic compounds have been 
used as plasticizers. 

After modifiers have been added as 
required, the plastic material may be made 
into a powder or may be prepared in 
granular form, as in the case of the mela- 
mine-formaldehyde resin described above. 
It may also be supplied in the form of 
pellets or flakes. As powder, grains, pellets, 
or flakes, it is now ready to be made into 
finished or semifinished products. 
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IMPORTANT GROUPS 


There are thousands of plastic materi- 
als today and they are marketed under a 
profusion of trade names. For example, 
Herculoid, Nitron, and Rowland CN are all 
trade names for cellulose nitrate. Beetle, 
Plaskon, and Catalin are trade names for 
urea-formaldehyde. Styron, Lustrex, and 
Bakelite Polystyrene are trade names for 
polystyrene. It would obviously be impos- 
sible in this short article to name each of the 
available plastic materials, to say nothing of 
the even more numerous trade names by 
which they are known, In the paragraphs 
that follow, we shall give a list of the more 
important plastic groups, with a brief ac- 
count of the characteristics and principal 
uses of each group. 

Acrylic resins. These are thermoplastic 
materials that are noted for their tough- 
ness, weather-resisting qualities, and clari- 
ty. Polymethylmethacrylate is the most im- 
portant resin in this group. It is best known 
under the trade names Plexiglas and Lucite. 
It remains clear after weathering, resists 
impact, is available in a wide range of 
colors, burns slowly, and does not become 
brittle when cold. It serves for display 
signs, automobile taillights, hairbrush 
backs, combs, and costume jewelry. It is 
well suited for glasslike materials used in 
airplanes because of its clarity and its resis- 
tance to weather. 

Alkyd resins are thermosetting. They 
are fine electric insulators and resist heat. 
They are widely used in paints, enamels, 
lacquers, adhesives, and printing inks. 
Alkyd molding materials serve in light 
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Plasti used in piping 
for d je and waste 
my) syste viding great- 
for the in- 
ver costs for 
Dupont 
switches, fuses, automobile ters, and 


electron-tube bases. 


Allylic resins, which are thermosetting 


plastics, are excellent elect isulators 
and have low water absorp and low 
shrinkage during and after molding 
process. They are molded to | automo- 
tive ignition parts, coil forms, distributor 
caps, commutator assembli¢ electron- 
tube bases, and other electric and elec- 


d diallyl 


tronic parts. The allylic resin 


phthalate provides reliable electric insula- 
tion under the most adverse conditions of 
temperature and humidity. For this reason, 
it was used in the terminal equipment of the 
world’s first transoceanic telephone cable 


system. 

Amino resins are a group of thermoset- 
ting plastics which include melamine-for- 
maldehyde resin and urea-formaldehyde 
resin. Molded amino products are translu- 
cent or opaque. They are glossy, have good 
colorability, and are free of odor or taste. 

Melamine-formaldehyde resin has low 
moisture absorption and gives a smooth 
hard surface. Hence it is used in great quan- 
tities for tableware, buttons, cases for hear- 
ing aids, and distributor heads. Urea-for- 
maldehyde resin serves for radio cabinets 
and electrical devices, among other things. 

Casein plastics are produced by the ac- 
tion of formaldehyde upon the protein 
casein, resulting in a tough, hornlike ther 
mosetting material. Casein plastics have 4 
brilliant surface polish and come in a wide 
range of colors. They are used for buttons, 
beads, game counters, pushbuttons, knit- 
ting needles, and toys. 


Celluiosics, derived from cellulose, 
form a gr‘ that includes cellulose acetate 


and cellu! acetate butyrate. These mate- 
rials are noplastic. They are tough and 
are avail in a wide range of colors. 
Celluloss ate is the most widely used of 
the cellu! s. It serves for fibers (acetate 
rayon), p graphic film, buttons, combs, 
eyeglass ies, lamp shades, vacuum- 
cleaner | and floor polishers. Chess- 
men mol: »f this material are pleasant to 
the touc! d sturdy. Finger marks upon 
them ma easily wiped off. 

Cell > acetate butyrate is superior 
to cellulc cetate in toughness and in low 
moisture rption. It withstands weath- 
ering an isily cleaned. It is an ideal ma- 
terial for mobile steering wheels, porta- 
ble radic es, tool handles, and telephone 
handsets 

Epc sins are chemically resistant 
thermos ; plastics. They are durable, 
flexible, ‘ough. They make fine protec- 
tive coat They serve in primers, top- 
coats, ar irnishes and as lining materials 
for cans. drums, pipe. tanks. and tank cars. 
Epoxy 1 are outstanding as adhesives. 
They have Iso been employed increasingly 
for mold casting, and laminating. Lami- 
nates, or combined layers, of epoxy resins 
and glass-ñber products have found wide 
application in printed electric circuits, air- 
craft, ducts, housings, tanks, and tooling. 

Fluorocarbons excel in durability. They 
resist chemicals, flame, heat, and weather- 


ing. These thermoplastics are flexible at 
low termperatures and are good electrical 
insulators, They are employed for valve 
Seats, pump diaphragms, gaskets, nonlubri- 


These temporary roofs are made of a fiberglass fabric coated with resin. 


cated bearings, electronic parts, wire coat- 
ings, and tubing. 

Phenolic resins are thermosetting plas- 
tics that possess strength, rigidity, and heat 
resistance. They have a natural brown 
color and are usually not provided in the 
bright array of hues that the public has 
come to associate with plastics generally. 
Phenolics are used for the items or parts 
where special mechanical or electrical prop- 
erties are required, rather than colorabil- 
ity. Among other things, they serve for 
camera cases, distributor caps, electric-iron 
handles, switches, telephones, electron- 
tube bases, and washing-machine agitators. 
In liquid form, they are used as protective 
coatings and adhesives and in the manufac- 
ture of laminates. 

Polyamide resins Nylon is the best- 
known of these resins. It is not a single 
plastic but a group of plastics, each with its 
own physical characteristics and uses. The 
word nylon suggests fabrics, stockings, or 
bristles to the general public, but these are 
but a few of the many uses of the nylons. 
Because nylon products are tough and 
resist abrasion, heat, and chemicals, they 
are molded to make gears, bearings, cams 
for speedometers, business-machine parts, 
and household appliances. They also serve 
for rifle stocks, rotary switches, silverware 
handles, and slide fasteners. 

Polycarbonate resin is resistant to 
chemicals, heat, impact, and weather. This 
thermoplastic is used to make various 
parts for aircraft, automobiles, and busi- 
ness machines, and it has many applica- 
tions in electrical and electronic devices. 
Like aluminum, brass, and copper, but 


Chem Lobs 


280 


unlike most other plastics, it can be cold- 
forged (formed without the application of 
heat) by rolling, punching, and drawing to 
make disks, caps, and tubing. 

Polyester resin compounds are ther- 
mosetting. They are excellent electrical 
insulators, have low moisture absorption. 
and resist heat. They are widely used 
for coatings. The fiber-forming polyester 
known under the trade name Dacron has 
become important in the textile industry. 
When reinforced with fibrous glass, as- 
bestos, synthetic fibers, and other materi- 
als, polyester resins can be molded into 
various products which have outstanding 
electrical properties, are lightweight and 
strong, and can withstand impact. These 
reinforced materials are used for building 
panels, electrical-equipment parts, and 
many other products. 

Polyethylene is among the most widely 
used plastics. This thermoplastic material is 
tough and can be made either rigid or flexi- 
ble. It resists heat and cold, water, and 
weathering and is an excellent electrical 
insulator. Its many applications include 
Pipe and tubing, jacketing for electric 
cables, flexible ice-cube trays, rigid and 
Squeezable bottles, tumblers, dishes, mix- 
ing bowls, brush handles, and toys. In film 
and sheet form, it serves for bags for candy 
and food products, rainwear, balloons for 
meteorological observations, freezer bags, 
and moisture barriers under concrete and in 
walls. High-density polyethylene is rigid, 
resistant to water, weathering, food acids, 
and abrasion and is easy to clean. Hence it 
is an outstanding material for garbage cans. 

Polypropylene, a thermoplastic, com- 
bines many valuable properties. It is light- 
weight, tough, strong, resistant to chemi- 
cals. boiling water, and cracking, and is a 
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good electrical insulator. It is employed in 
dishes, pipe and tubing, val v« \ttles, bat- 
tery boxes, refrigerator part \0usehold 
articles, textile-machinery pa and insula- 


tion for wire and cable. Polypropylene lab- 


oratory ware is impact-re nt, with- 
stands temperatures up to 140 Celsius, and 
resists chemicals and cracki 

Polystyrenes are thermoplastics which 
are noted for their clarity, h: ss, gloss, 
and electrical properties and are available 
in a wide range of colors. Their applications 
include kitchenware, food containers for re- 


frigerators, instrument panels, wall tile, 


portable-radio housings, storage boxes, 
handles, and toys. Polystyrene rigid foams 
are supplied in plank, block, or sheet form 
and also as beads which can be processed 
into foams. They are used for packaging 
and as sandwich panels in buildings. 
Silicones resist chemicals, heat, water, 


and weather and are fine electrical insula- 
tors. These thermosetting plastics are em- 
ployed in aircraft and missiles. coil forms, 
connector plugs, generator insulation, 
switch parts, and terminal boards 

Urethane resins are thermoplastic mate- 
rials. They form flexible, semirigid. and 
rigid foams, which are tough and light- 
weight and resist moisture. Flexible ur- 
ethane foams have proved useful in au- 
tomobile and airplane seats, bedding, crash 
pads, furniture cushioning, interlining for 
clothing, protective packaging, and thermal 
insulation for tanks. Rigid foam is service- 
able as a core material for curtain-wall 
Panels, low-temperature insulation, an 
packaging. Urethane resins are also use 
in adhesives, bristles, coatings. and solid 
plastic products. 

Vinyl resins, or vinyls, are strong and 
tough thermoplastics which are good elec- 


trical insuls\ors. resist chemicals, and are 
available in {nany colors. They are used for 


floor tile, | «ndbags, phonograph records, 
raincoats, ©’ ower curtains, upholstery, gar- 
den hose. © ‘«ctric plugs, and wire and cable 
insulation 

There has, however, been increasing 
concern over the manufacture and use of 
vinyl plast:cs. Vinyl chloride, a chemical 
used in | manufacturing process, has 
been link: ith a rare form of liver cancer. 
In 1974 1975 health rules were es- 
tablished niting manufacturing condi- 
tions and t:e use of some vinyl plastic prod- 
ucts. 

PROCESS!' 

If a manufacturer is thinking of using 
plastics í the products he makes, he 
wants to œ< sure that one or more of these 
materials ~ill serve his purpose better than 
wood, metal, or ceramics. He will have to 
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consider what the products are intended to 
do, how long they should stand up under 
wear, what properties they must have, and 
how many will be sold. He must also es- 
timate at what price to sell the merchandise. 

If the manufacturer finally decides 
upon the use of plastics, he or she will have 
to decide which plastic or plastics to select. 
Certain desirable properties are found in 
many different kinds of plastics: their resis- 
tance to rusting and tarnishing, their reten- 
tion of their original color, and their 
smoothness. Other properties are charac- 
teristic only of a few plastic materials. 

A manufacturer who produces brush 
and mirror backs, costume jewelry, kitchen 
items, tableware, and toys has a wide 
choice of plastic materials at his disposal. 
The situation is quite different, however, if 
the manufacture of electrical commutators, 
electronic parts, gears, pipe fittings, or 
washing-machine agitators. In those cases, 
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the manufacturer may be limited to one or 
two plastic materials, which will have to 
meet specific requirements. 

When the appropriate plastic materials 
have been selected, the processor works 
them into finished or semifinished products. 
A number of different methods are avail- 
able. Here are some of the principal ones. 

Compression molding is often used to 
form thermosetting plastics. Plastic mold- 
ing powder or preforms (roughly molded 
forms) are set in the cavity of a heated 
mold. The mold is then closed by a plunger 
worked by hydraulic pressure. The molding 
compound within the mold first softens and 
flows and then hardens as the chemical 
reaction that cross-links the polymers takes 
place. The mold opens and the finished 
piece is ejected from it. 

Transfer molding is a variation of the 
compression-molding method. It is used 
for thermosetting plastics which are to have 
deep holes for inserts or when the mold 
cavity has a rather complicated shape. The 
plastic compound is first heated in a sepa- 
rate pot, called a transfer chamber, Thena 
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EXTRUSION MOLDING 


Conveyer i 


plunger forces the softened plastic from the 
transfer chamber into the cavity of the 


mold. A 
Injection molding is used to process 


various thermoplastic materials and is par- 


ticularly effective in the rapid production 
of more or less intricate pieces. Often the 
mold consists of a number of small cavi- 


ties, connected by channels, called run- 
ners. Each cavity serves as the mold fora 
single small item—a button, say, Molding 
pellets flow from a hopper into the rear 
end of a heating cylinder where heating 
starts. A plunger pushes the plastic for- 
ward and it is forced into the space be- 
tween the walls of the cylinder and a 
heated torpedo in the middle of the cylin- 
der (see diagram). The material is melted 
by the time it reaches the cylinder nozzle 
and is injected into the mold. The fluid 
plastic completely fills the mold cavity 
(which has the shape of the desired prod- 
uct) or the cavities that are connected by 
runners. When the plastic has cooled and 
has become solid, the mold is opened and 
the finished piece is ejected. Plastic that 
has solidified in the runners between cavi- 
ties is later removed. 

Extrusion molding serves to produce 
sheets, rods, tubing, pipe, and filaments, 
such as nylon fibers used in textiles. No 
molds are required. The flow of product 1$ 
continuous, instead of proceeding in 4 
series of cycles. The plastic molding 
powder or granular material is first heate! 
and is then carried along by a revolving 
screw in a cylinder to an orifice of the 
desired shape. By the time it has been ex- 
truded, or pushed out, from the orifice, it 1S 
in the shape of a rod, sheet, or pipe. as me 
case may be. It is cooled by air from i 
blower or by immersion in water. Nylo 
fibers are extruded through thousands 0 
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tiny holes in a die, called a spinneret. 

Blow molding is used for the production 
of hollow thermoplastic containers, house- 
wares, and toys. In one type of blow-mold- 
ing machine, plastic material in the form of 
a tube is received from an extruder and is 
fed into the cavity of the mold, One end of 
the tube is then sealed off and after the 
mold has been closed, compressed air is 
blown through the other end of the tube. 
This causes the plastic to expand against 
the walls of the mold, It is cooled and hard- 
ened and then removed from the mold. 
Flexible polyethylene squeeze bottles are 
Produced by blow molding. 

A „Slush molding. Overshoes and other 
exible objects are made by this method. 
A thermoplastic material in the form of a 
slush or slurry (a thin, watery mixture) is 
put in a warm mold. The slurry is then agi- 
tated and drained off, leaving a thin layer 
of material on the inner surface of the 
mold. This layer is fully fused by addi- 
tional heat, cooled, and then stripped off. 

_ Vacuum molding is also used to form 
finished plastic products. Atmospheric 
Pressure plays a part in this process. In one 


Plastic sheeting 


or film SR 


method, a sheet of thermoplastic material is 
clamped over a hollow mold, forming a 
tight diaphragm, and is then heated and soft- 
ened. Air is now withdrawn from the space 
between the thermoplastic sheet and the in- 
side of the mold. Atmospheric pressure 
then forces the sheet against the inner sur- 
face of the mold. After cooling takes place, 
the clamp is released, and the piece that has 
just been formed is removed. 

In another type of vacuum forming, a 
sheet of thermoplastic material is placed 
over a raised mold. Heated and softened, 
the sheet drapes itself over the projecting 
parts of the mold. The edges of the sheet 
are then clamped tightly around the mold, 
and the sheet becomes a sealed bag. Air is 
withdrawn from the inside of the bag, and 
atmospheric pressure causes the sheet to fit 
tightly against the mold. 

Casting can be used with both ther- 
moplastic and thermoset plastics. Acrylic 
and vinyl thermoplastics and phenolic, 
polyester, and silicone thermosets can be 
cast into shapes, film, sheeting, rods, and 
tubes. Pressure is not necessary in this 


method. 
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Calendering is a process in which ther- 
moplastic material is fed between several 
heated calenders, or rollers, and emerges as 
a sheet or film. Calenders are also used for 
coating cloth or paper with plastic material. 

Laminating involves taking layers of 
wood, fabric, or paper and impregnating 
them with a solution of thermosetting plas- 
tic material to form strong, rigid products. 
The material is treated with the thermoset 
solution and is placed between the platens, 
or flat plates, of a laminating press. Heat 
and pressure are then applied. 

Foaming can be done by several 
methods. Gas bubbles may be introduced 
into the melted plastic by chemical reac- 
tion, by heating a volatile liquid, or by forc- 
ing gas in under pressure. Among the plas- 
tics that can be foamed are cellulose ace- 
tate, polyethylene, styrene, urethane, vinyls, 
phenolics, and silicones. 

Reinforced plastics are produced by em- 
bedding various substances in certain ther- 
mosetting plastics. The reinforcing materi- 
als include glass fiber, asbestos, cord, cloth, 
and paper. They may be in the form of 
chopped fibers or of sheets. Pressure is 
applied to the reinforced plastic to mold it 


into the desired shape. 

Additional operations are often 
required to complete the production of a 
finished plastic product. For example, the 
moisture content of molding powders must 
be reduced to a very small amount before 
the molding operation. In some cases pre- 
heating takes place. Some p/ustic products 
are preformed before compression molding, 
Sometimes they are annealed after mold- 
ing—that is, they are heated and then 
slowly cooled. Annealing relieves stress 
that develops during molding and cooling. 
After the molding process, some excess 
plastic material is frequently attached to the 
molded part and must be removed in order 
to obtain a presentable finished product. 
This is often done by mechanical tumbling. 

Using the processes have just 
described, manufacturers turn out either 
finished products or semifinished products 
or semifinished materials, such as sheets 
and rods, Manufacturers called /ubricators, 
employing various kinds of machine tools 
and other equipment, will transform the 
semifinished materials into costume jewel- 
ty, boxes, display signs, television lenses, 
raincoats, and a host of other products. 
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Ultrasonic wav an be used 
to detect flaws Jch objects 
as airplane fuselage panels. 
Here, an inspector reviews the 
Printed results of the detect- 
ing device 
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As you walk down a country lane at 
the height of summer, there is a constant 
drowsy murmur of humming bees, droning 
flies, and chirping crickets. Even as you lis- 
ten intently to these faint, thin noises, the 
insects are making a great many other 
Sounds that human ears cannot catch. Sci- 
entists have succeeded, however, in devel- 
oping devices for detecting such “silent” 
Sounds and also for producing them. The 
Study of these sounds is called ultrasonics. 
The term comes from “ultra,” meaning 

beyond,” and “sonic,” meaning “referring 
to sound.” 

Since ultrasonic sounds differ in only 


one respect from sounds that we can hear, 
let us see first what sound is. Fora sound to 
be created, three things must happen. First, 
an object must be made to vibrate, as when 
you press on an automobile horn, pluck a 
taut string, or strike a tuning fork. The ra- 
pidity of the vibration—in more scientific 
terms, the frequency of the sound— 
depends on how elastic and dense the ob- 


ject is. No matter whether it is struck hard 


or lightly, the rate of the vibration for that 
substance will be the same and is its natural 
frequency. This gives sound its pitch—its 
high or low tone. The more rapid the vibra- 
tion, the higher the pitch. 
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‘op: March of Dimes; bottom: Bowman Gray School of Medicine of Wake Forest University, North Carolina e sedioni 
Because there is no known danger to the fetus, ultrasound is routinely us 


di 


biao 


= 


Baptist Hospitals, Inc 


5 i ound 
ine high-risk pregnancies. Top: a patient is being examined with an uem 
probe. The resulting scan shows the position and size of the fetus. 
echogram of an eight-month-old fetus. 


Second, as the object moves rapidly to 
and fro, it alternately pushes and pulls at 
the nearby molecules of whatever medium 
surrounds it, usually the air, Sound cannot 
be created in a vacuum. There must always 
be some medium—a gas, a liquid, or a solid. 
When the molecules are pushed together, 
they are compressed. When they are pulled, 
they are spread apart, or rarefied. Sound 
travels because this double motion is com- 
municated to the molecules of the medium 
ever farther and farther away from the 
source of the sound. Thus a sound wave isa 
series of compressions and rarefactions in 
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the medium through which it Lames 
Throughout the course of a sound ee 
journey and regardless of its speed, s 
frequency of the sound remains the same A 
that of its source. The wave of mo A 
might be compared to what happens W a 
one pushes the last man of a long line 

people waiting for a bus. The last man a 

have to push on the one in front of him re 
so on down the line. The initial push al 
moves forward from the last man, ee 
by the people in front of him. The oe 

travels along, but the line does not mora 

Third, the sound waves must be 


ceived by some organ, such as the ear or 
by some mechanical device. It is like the 
completion of a call when your friend an- 
swers the telephone. Biologically speaking, 
sound is the translation in the brain of sen- 
sations received through the nerves of hear- 
ing leading from the ear. 


A MATTER OF FREQUENCY 


The difference between ultrasonic and 
ordinary sound waves is a matter of 
frequency. In fact, it is necessary to make 
this distinction only because human hearing 
has certain definite limits. The human ear is 
so constructed that even at its keenest it 
can register as sound only those frequen- 


cies that lie between 20 and 20,000 hertz. 
Any frequencies below 20 or above 20,000 
are “‘silent’’ as far as humans are con- 
cerned. Ultrasonics therefore is concerned 
chiefly with the frequencies above 20,000 
hertz. 

We have said that a sound wave is a 
series of compressions and rarefactions. 


The wavelength of a sound is the distance 
from one compression to the next. Con- 
sequently, the higher the frequency of the 
sound, the shorter its wavelength. When 
the wavelength is comparatively long, the 
sound flows around small obstacles, much 
as a large wave in the ocean surf flows 
around a piling, with hardly any reflection. 
This ability of any kind of long wave—light 
and other electromagnetic waves as well as 
sound—to spread around an object is called 
diffraction. But with short wavelengths, the 
sound is reflected back, or echoed, from 
small objects, just as little wavelets would 
be tossed back from the piling. In other 
pans, short wavelengths are diffracted 
ess. 


PRODUCING ULTRASOUND 


Scientists have discovered several 
ways of producing ultrasonic waves. The 
One most used for sending these waves 
through solids or liquids depends on a 
Peculiar property of certain crystals, such 
as quartz, Rochelle salt (sodium potassium 
tartrate), and ammonium dihydrogen phos- 
Phate. This property is called the piezoelec- 
tric effect (from the Greek piezein, meaning 


“to press,” plus electric”). The effect was 
discovered by Pierre and Jacques Curie in 
1877. 

When pressure, which may be applied 
by weights, is brought to bear on such a 
crystal plate cut in a certain way, the plate 
becomes electrically charged. The amount 
of current generated is in proportion to the 
amount of pressure applied. Moreover, if 
the charged plate is stretched, the charge 
will be reversed. By alternate compression 
and stretching, therefore, an alternating 
current will be set up. The piezoelectric ef- 
fect will work in the opposite way, once the 
natural frequency of the crystal is known. If 
an alternating current of the same 
frequency as a crystals natural one is 
applied to the crystal, it will expand and 


Ultrasonics can be used to diagnose abnormalities of 
the heart, such as faulty valves, congenital defects, 
and fluid accumulation around the heart. 
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Courtesy of Dr. C.F. Quate, W.W. Hansen Labora- 
tories of Physics, Stanford University 


contract in rhythm with the changes in the 
direction of the current. 

The scientist produces ultrasonic 
waves by applying electricity to a crystal. 
Usually, small metal plates are attached to 
the crystal in an ultrasonic device and they 
move up and down in the same rhythm. 
This, in turn, sets up similar vibrations in 
the medium in which the apparatus is im- 
mersed—often a dish of light oil. With cer- 
tain crystal cuts, their length or thickness is 
alternately increased and decreased and the 
waves travel in a longitudinal direc- 
tion—that is, along the direction of the 
beam of sound. There are other crystal cuts 
from which the waves travel at right angles 
to the direction of the beam. 

Another way of Creating ultrasonic 
waves involves the use of an iron or nickel 
tod. A solenoid, which is a tubular coil for 
the production of a magnetic field and acts 
like a magnet, is placed around the bar. 
When a high-frequency alternating current 
is sent through the solenoid, the bar is mag- 
netized in such a way that there are slight 
changes in its length in thythm with the al- 
ternation of the current. The vibration is 
communicated to the medium surrounding 
it. Such a variation because of magnetiza- 
tion is called magnetostriction. 

The strangest feature of these ul- 

trasonic waves is that in the range of very 
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The ultrasound micr pe. The speci- 
menisheld inthe smal! metal ring onthe 
rear. It is not necess dyethe speci- 
mens for viewing 
high frequencies they have tremendous 
power. Ordinary sound wave ive energy, 
but it is usually rather weak. F ven a million 
persons all talking steadily for an hour and 
a half in a huge hall would produce only 
enough sound energy, converted into heat, 
to produce a single cup of hoi tea. Yet, in 
early experiments with ultrasonics, small 
fish swimming through the ultrasonic 
beams were killed instantly. When one 


researcher held his hand in the path of the 
waves—only for an instant, you may be 
sure—he felt agonizing pain, as if his very 
bones were being heated. 


SONAR 


As long ago as 1914, a French scien- 
tist, Paul Langevin, found a way to make 
use of the echoing quality of ultrasonic 
waves. He and his assistants built an appa- 
ratus that could send strong bursts of high- 
frequency sound through the water. The 
waves traveled in straight paths without 
being diffracted. When they hit a sub- 
merged rock or a submarine, an echo Te- 
turned. This precursor of the detecting 
device known as sonar was a new way of 
detecting underwater perils. 

Langevin’s discoveries were refined 
further. A device for locating treacherous 
icebergs and hidden reefs was developed 
around 1920. 


Sonar, developed during the 1940s, 
was a still greater refinement on the early 
ultrasonic underwater devices. When a 
pulse of ultrasonic waves is sent through 
the water from a ship equipped with sonar, 
an echo of the same frequency returns to 
the sonar apparatus from any solid object in 
the path of the waves. Since they are not 
diffracted. the direction from which the 
echo returns reveals the position of the ob- 
ject. 

The distance, say, of a submarine 
from the ship can be calculated from the 
length of time that elapsed between the 
sending of the original pulse and the return 
of the echo. The device is able to repeat 
the transmitting and receiving operations 
many times per second, so that extremely 
brief periods of time are able to be mea- 
sured by this means. 

Sonar is helpful to navigators in mak- 
ing soundings. If an ultrasonic beam is 
aimed straight down toward the ocean bed, 
the depth of the water can be figured from 
the length of time it takes the beam to go 
down and be echoed back. 

In 1951, Wayne M. Ross, a U.S. engi- 
neer, developed a simplified but even more 
sensitive sonar system. With this it is possi- 
ble not only to locate schools of fish but 
also to identify the fish by determining the 
size of each school and the depth at which it 
is swimming. The device is of even greater 
importance in the navigation of narrow, 
rocky channels because the echoes bounce 
back from hidden shoals and from coast- 
lines. The ultrasonic beam can be sent in 
any direction through the water, and the 
Pattern of the echoes is displayed on a 
Screen, much like radar. Ross’s invention 
also records information in two other ways. 
The returning echoes are translated into 
audible sounds, over a loudspeaker, that a 
trained operator can easily recognize. A 
solid wall gives out a hard, clipped ping. 
Sounds from a smooth beach or a hidden 
sand bar are drawn out, as if someone were 
Scratching granite with his fingernails. At 
the same time, automatic pen-and-ink 
Tecords are made of all the echoes that ap- 
Pear on the screen and are heard over the 
loudspeaker. 


INDUSTRIAL APPLICATIONS 


Both science and industry use ultra- 
sonics. One device, called a reflectoscope, 
sends short burst of ultrasound into a 
metal object, such as a casting, searching 
out flaws. A quartz-crystal mechanism is 
placed against the object, with only a film of 
oil between them. The reflection of the 
high-frequency beam sent out by the crystal 
is picked up by the crystal, now acting as a 
microphone. Electronic switching is neces- 
sary, because the alternate use of the crystal 
as transmitter and receiver takes place in 
millionths of a second. Any flaws in the 
metal bounce back as echoes and flash on a 
cathode-ray screen, a kind of fluorescent 
screen, showing the location of the defects. 

Flaws in automobile tires may be de- 
tected by a similar method. The tire is im- 
mersed in water between a transmitter of 
ultrasonic beams and a receiver, Rubber 
will transmit a sound wave from water with 
little reflection so that any echoes indicate a 
defect in the rubber. 

Very high-frequency sound waves can 
make two liquids emulsify that ordinarily 
would not mix. For instance, alloys of iron 
and lead, aluminum and cadmium, and so 
forth can be made to mix in the liquid state 
and kept mixed until they solidify. New 
bearing materials are being produced in this 


Ultrasonics can be used to clean many materials. The 
next time you visit a jewelry store, check to see if they 
have this type of device. 
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Ultrasonics provides better soft-tissue imaging than 
conventional X rays, Ultrasonics cannot, however, 
give a clear picture of bone. 


way. Another application of this effect is to 
make photographic emulsions stable and of 
the same consistency throughout. 

Some kinds of chemical reactions are 
speeded up under the influence of ultra- 
sonic waves. They can also break up long- 
chain  polymers—molecules with a 
highly complicated structure. 

Another use of high-power ultrasonics 
is to make solid and liquid particles in mist, 
dust, and smoke clump together. Factories 
that make lampblack, for instance, an 
ingredient of varnishes, paints, and some 
kinds of ink, use ultrasonic generators in 
the flues of their smokestacks, Ultrasonic 
vibrations push the lampblack particles 
together. The particles drop down the chim- 
ney instead of escaping into the outside air. 
Around airports and harbors, ultrasonic 
waves can disperse fog and mist. It is even 
possible that large industrial areas 
overhung with palls of smoke and soot may 
be cleared by the same method. 

Quicker and better laundering is an- 
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3.D. Searle and Co. 


The ultrasonic scanner can be used to detect de- 
tached retinas and any foreign objects that happen 
to be in the eye 


other very practical use of ultrasonics, The 
intense vibrations break down the attrac- 
tion between dirt particles and fabrics and 
shake the grime loose. 

In 1950, a U.S. patent was issued for 
an ultrasonic device that helps blind per- 
sons to avoid obstacles. The waves are sent 
out from a mechanism in a walking cane. 
Echoes from any object ahead are picked 
up by a receiver in the cane. Their energy is 
converted into electric pulses that travel b 
wire to the person’s ear where, by means 0 
a kind of microphone, the pulses are trans- 
lated into audible sound. J 

Ultrasound can be used to weld certain 
metals, plastics, and fibers. It can also i 
used to clean lenses, jewelry, tarnishe 
metals, surgical instruments, and various 
other materials, 

Ultrasound has been widely used tO 
monitor various industrial procesia 
Gauges based on the action of ultrasoun 
have been developed to measure thickness» 
size, pressure, concentration, and density- 


BIOLOGICAL AND MEDICAL EFFECTS 


In much the same way as it is used to 
detect structural flaws, ultrasound can be 
used to detect flaws in living tissue. The 
reflective properties of normal and abnor- 
mal tissues differ enough to allow them to 


be distinguished ultrasonically. An ul- 
trasonic aner can detect certain malig- 
nancies in their early stages. This diagnos- 
tic tool has been used to discover malig- 
nancies in the breast, liver, brain, and sev- 
eral other ns. Ultrasonic scans of a 


pregnant v n will show the fetus in the 
uterus, To minimize the risk to healthy tis- 
sue, low-intensity ultrasound is used in 
these types of diagnoses. 

In some kinds of surgery, high-inten- 
sity ultrasound can take the place of scal- 
pels. Ultrasonic surgery is especially prom- 
ising in the fields of neurology and otology. 
There has been some success in the treat- 
ment of Meniere’s disease, an ear disorder. 

The ultrasonic drill has been applied to 
dentistry. The advantages of the drill lie in 


its simple and painless cutting of hard tooth 
material. However, it is not effective on 
decayed tooth material. Ultrasonic devices 
have also been used to clean teeth. 

The use of ultrasound may have appli- 
cations in agriculture. Seeds and seedlings 


This ultrasonic bath cleans 
Shaver heads for electric 
razors 


irradiated with low-intensity ultrasound 
germinate faster than untreated seedlings 
and seeds, In one case, it was reported that 
potato plants so treated blossomed a week 
ahead of time and their yield increased 50 
per cent above the crop from untreated 
plants. 

It seems that the beneficial effects may 
be due to decreased rigidity in the plant cell 
walls and an increased uptake of water. 
Vital chemical reactions that cause germi- 
nation may also be speeded up by the ac- 
tion of ultrasound. 

However, ultrasound can have a harm- 
ful effect on living systems. It has already 
been pointed out that small animals ex- 
posed to high-intensity ultrasound will 
often die. People working with ultrasonic 
generators over long periods of time suffer 
fatigue and nausea and sometimes disorien- 
tation. 

Plants, too, while responding well to 
low-intensity ultrasound, can be destroyed 
by higher intensities. Besides cellular dam- 
age, ultrasound can also harm genetic ma- 
terial in the cell. 

The study of ultrasonics is an expand- 
ing field. Knowledge of the hazards of this 
powerful tool will be important in develop- 
ing guidelines for future research and indus- 
trial and biological use. 
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FIBER 
OPTICS 


It has been known for many years that 
light can be transmitted through a hollow 
pipe, even if the pipe is curved. Light enter- 
ing one end of the device is reflected again 
and again from the inner walls. It makes its 
way down the pipe and at last emerges at 
the far end. A device of this sort can be 
made from highly polished silver or alumi- 
num. It has no practical applications 
because it is not very efficient. There is 
some loss of light every time the light rays 
are reflected. In a pipe in which the length 
is many times the diameter, many reflec- 
tions will take place, and there will be a 
substantial loss of light. 

Fortunately, there is a way of bringing 
about an extended series of reflections vir- 
tually without light loss. This can be done 
by having total internal reflection take place 
at the interface, or boundary, between a 
dense medium, such as glass, and a rare, or 
not-so-dense, medium, such as air. To 
summarize briefly here, if a ray of light 
passing through the glass is refracted, or 
bent, by more than a certain angle, it will 
not leave the glass at all. It will be totally 
reflected again and again from the interface 
(Fig. 1). There will bea minimum loss of light 
as the rays make their way through the 
device. 

A light pipe of this sort is really not a 
pipe in the ordinary sense of the term, but a 
solid rod. All light pipes commonly used 
today are of this type. They have been 
made of glass and of transparent acrylic 


plastic. Glass is now the preferred materi- 
al being used. 


TRANSPARENT PIPES 


A light pipe consisting of a single glass 
or plastic rod will convey light energy but it 
will not transmit an image. Let us see why. 
When we look, say, at a Postage stamp, we 
see it because the light reflected from it 
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DuPont Company 
f optical fibers: 
», made of plas- 


A fountain of light from the new w« 
an imaginative use of fibers 
tic—produced this display 


reaches our eyes. This light is reflected 
from different areas of the picture with di 
ferent degrees of intensity. Thus there Ya 
be less light from a dark area, more lig 
from a light area, This varying intensi 
makes up a definite pattern. If the lig 
waves from a given area of the picture pa 
through a single light pipe with a diamete 
of, say, one centimeter, they will follow à 
variety of paths as they make their bk 
through the pipe. By the time these i 
waves and the light waves from the othe 
areas of the picture reach the other end P 
the pipe, the image will be so mixed up aS | 
be unrecognizable. light 
To convey an image, a great many 118: 


To produ: tical fiber, a 

tube of fi ca is heated 

to a higt rature. Silica 

and ot jlass-forming 

oxides a sited on the 

inner wal tube. 

pipes m e used in combination (Fig. 2). 
The image is divided into a number of small 
areas. The light from each of these small 
areas is ied through an individual light 
pipe to the corresponding point in the image 
at the o end of the bundle of pipes. The 
diameter of each of the glass or plastic rods 
combined in this way has been so greatly 
reduced that it is appropriate to call such 
rods fibers. A device in which a number of 
fibers are combined in order to transmit an 


alled a fiberscope. It forms the 
e science of fiber optics. 
FIBERSCOPE 


Obviously, a flexible fiberscope would 
be able to transmit images around a corner. 
The idea of making such a device must 
have occurred to many students of optics in 
the last hundred years or so. However, 
there seemed to be insurmountable difficul- 
ties. For one thing, if simple fibers were in 
contact, light would leak from one fiber to 
another, causing a distortion of the image. 
Again, the surfaces of the fibers would 
become scratched as they came in contact. 
There would be loss of light at the 
Scratched places. 

Experimenters overcame these dif 


Bell Laboratories 


ficulties in the 1950s by creating a fiber 
consisting of two parts: an inner core and 
an outer coating, or jacket, both transpar- 
ent. The inner core has a high index of 
refraction. The coating that surrounds it 
has a low index of refraction. The index of 
refraction of a given medium is the ratio of 
the velocity of light in a vacuum to the ve- 
locity of light in the medium. The higher the 
index of refraction, the less the velocity of 
light in the medium. The total internal 
reflection takes place at the interface be- 
tween the high-index and low-index materi- 
al (Fig. 3). Thus the reflecting surface is 
sealed in and kept away from other reflect- 
ing surfaces. There is practically no light 
leakage and no light loss due to surface 
scratches. Fibers of this type are found in 
virtually all fiber-optics devices in use 
today. Generally the fiber bundles in which 
they are combined are provided with flexi- 
ble sheaths of metal or plastic. 

If an image is to be formed, the relative 
position of the different fibers must be the 
same at one end of the fiberscope as at the 
other end. The fibers need not be so 
precisely arranged elsewhere in the device. 
They can be left more or less loose and 
flexible. A great many fibers will have to be 
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The transmitter of a lightwave communications sys- 
tem. A beam of laser light is seen entering the trans- 
mitter from the right. Optical-fiber systems will be 
able to handle a greater number of telephone calls 
and TV programs than present system can, 


combined in one bundle in order to provide 
a satisfactory image. In a commonly used 
type of fiberscope, there are about 750,000 
fibers, each being 0.001 centimeters, or 10 
microns, For certain applications, the diam- 
eter of the fiber may be as small as five 
microns—the minimum size. 


FLEXIBLE LIGHT GUIDES 


In some cases, it is not necessary to 
transmit an image through a fiber bundle, 
but only to transmit light. A device of this 
sort is not called a fiberscope, but a flexible 
light guide. The fibers in such a bundle can 
be arranged at random. The bundle is called 
incoherent, in order to distinguish it from 
coherent bundles, which transmit images. It 


Fig. 1 How light is totally reflected at the interface 
(that is to say, boundary) between glass and airina 
light pipe. 
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RCA Laboratories 
A thin-film waveguide using ber is seen 
transmitting three laser beam ent colors at 
the same time. Advanc logy are also 
an important part of the rapic } potential of 


fiber optics. 


undles, and 
oherent bun- 


is easy to make incoherent 
they are much cheaper tha 
dles of the same dimension 


APPLICATIONS 


Fiber-optics products have already 
found a host of applications. | lexible light 
guides are used to provide ill nination for 
delicate surgery. They also serve to light up 
instrument panels and to detect fire in hard- 
to-get-at places. 

Fiberscopes have a far wider range of 
applications. Physicians, for example, can 
See the inside of the stomach through a gas- 
troscope, an instrument based on the use of 
optical fibers. Similar instruments are used 
to view other internal organs, such as the 


a fiberscope. A 


Fig. 2. Combining light pipes to for 
g ining light pip than are shown 


fiberscope has many more light pipe 
below. 


Aphysician performs an examination using a flexible 


bronchoscope. A tube of optical fibersisinserted into 
the trachea in order to enable the physician to carry 
out a dire >xamination of the structure within the 
patient's body 


bladder, uterus, and colon. Surgery can be 
done using modified fiber-optics instru- 
. A miniature probe in the shape of a 
hypodermic needle has been developed for 
viewing muscle fiber, skin tissue, and blood 
cells. Truly, the fiberscope offers exciting 
Possibilities in the field of medical diagno- 
sis. 

_ _ The device has also found wide use in 
industry. It serves for the inspection or 
control of operations in inaccessible areas. 
With the fiberscope, one can examine tur- 
bine blades, boiler tubes, and various parts 
of nuclear reactors for flaws and cracks. 
The fiberscope has been used to check fuel- 
level indicators in gasoline tanks after these 
indicators have been installed. Tools left by 


Fig. 3. How light is transmitted by total internal 
reflection through a clad fiber. The latter consists of 
a transparent inner core and an outer jacket. 


Both photos, Mayo Clinic 


Aview ofanormal trachea, as seen with the broncho- 
scope. Otherinstruments, based on fiber optics, have 
extended the physician's eye into the deeper parts 
of the body, making it possible to view them in their 
normal functions. 


careless workers in the wing sections of 
airplanes have been unerringly spotted by 
the device. 

Bundles of fiberscopes, fused together 
in a solid plate, called a faceplate, have 
been used in television picture tubes and in 
other cathode-ray tube devices. The face- 
plate transfers images formed on the inter- 
nal phosphor surface inside the tube to the 
screen, or face, of the tube. 

What promises to be the most far- 
reaching application of fiber-optic technol- 
ogy is its use in communications. Optical 
fibers are already used to carry messages in 
regular telephone service. Such light-wave 
communication is effected by electronically 
breaking the voice down into thousands of 
pulses per second. The pulses, each with 
its own amplitude, are then converted into 
a binary sequence of ones and zeros that 
cause a transmitting laser to send coordi- 
nated pulses of light through the optical 
fiber. At the receiving end, the light pulses 
are converted to electrical signals and the 
voice message is reconstructed. 

These are only a few of the ways in 
which devices based on fiber optics have 
been used. Because of its great versatility, 
we can expect a flood of new applications 
of fiber optics in the years to come. 
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Liquid crystals are unstable molecular arrangements. Liqui 


painted on the 


skin will change color depending on body heat 


LIQUID CRYSTALS 


Walls that become transparent or 
Opaque with the flick of a switch... Televi- 
sion sets no thicker than a picture 
frame... Coatings placed on a patient’s 
skin to reveal underlying tumors... 
Lighted sign-boards that can be read 
easily, even in glaring sunlight... These 
are only a few of the possibilities in the new 
world of liquid crystals. Some of them are 
happening right now. Some may come true 
in the near future, Liquid crystals are al- 
ready being used in many clocks, watches, 
and calculators. Some hospitals use them to 
monitor temperatures. Before long, liquid- 
crystal signs may be familiar sights along 
our highways, and in time liquid-crystal 
walls may become quite common in our 
buildings and homes. 


HALFWAY STATE 


What are liquid crystals? The words do 
not seem to go together. Crystals are gener- 
ally solid and rigid, whereas liquids are not. 


LIQUID CRYSTALS 


To understand how a liquid can also be a 
crystal, we have to look at how molecules 
in both liquids and crystals are ar ranged. In 
a crystal, molecules are arranged in a ven 
orderly way. They are locked into a ne 
structure by electrical forces between the 
molecules. In a liquid, the molecules can 
move around freely. A liquid has no struc- 
ture. It takes the shape of its container. — 
In a liquid crystal, molecules behave in 
both ways. Though they can move -_ 
freely, the molecules tend to remain in Sh 
groups. Thus a liquid crystal is usoa 
thick and flows slowly. This is because t 
molecules are rod-shaped and have strong 
opposite electrical charges at either aa 
The electrical attraction between the mo} f 
cules tends to keep them “‘lined up” in oa 
nite patterns, even in the liquid state. a 
more the molecules line up, the er. 
Crystalline the material becomes. The Ta 
terial is most like a crystal when it is pe F 
out in a thin sheet. Then there are only 


few layers of molecules, which are lined up 
so rigidly that they hardly move at all. 
HOW THEY BEHAVE 

Liquid crystals are important because 
of their emblance to both liquids and 
crystals. A crystal does different things to 
light, depending on how its molecules are 
arranged may be transparent or opaque. 
It may -ct light, send it in different di- 
rections, or break it up into many colors. A 


liquid crystal can do the same things, 


depending on how its molecules are ar- 
ranged. Hut it can also change very easily in 
the way reacts to light. For example, a 
liquid crystal may be transparent one mo- 
ment and opaque the next. Or it may be a 
single color one moment, and may show 
several erent colors in the next moment. 

The reason a liquid crystal can change 
so quickly is that it is unstable. It lies on the 
borderline between liquid and solid, and its 
moleci are easily changed from one ar- 


rangement to another. The new arrange- 


ment may reflect light in a different way or 
not at all. Many things can bring about such 
a change. A small rise in temperature, a 


slight electric current, a small change in 
pressure—any or all of these factors can 
affect a liquid-crystal material. 


USES 


This is where a scientist can step in. If 
a scientist can control the changes that take 
place in liquid crystals, there are many 
ways of putting these materials to work. - 

For example, suppose that a liquid 
crystal is placed between two panes of 
glass, like jelly between two slices of bread. 
to make a sandwich. The molecules of the 
liquid crystal line up in an orderly way, and 
light passes through the material without 
any trouble. That is, the sandwich is trans- 
parent. But if a small electric current 1s 
passed through the liquid crystal, its mole- 
cules break apart. Now light is scattered 
and the sandwich becomes opaque. ‘ 

Or suppose that the electric current 1s 
applied only to certain parts of the liquid 
crystal in this sandwich. The parts may be 
shaped like letters or numbers. When the 
current passes through them, they become 


Rockwell International, Microelectronics Division 
id Crystals Industries, Inc, Turtle Creek, Pa. 


top, bottom: 
middle: Liqui 


Top: liquid crystals make easy-to-read signs. The 
upper sign is made of liquid crystals. Sun glare 
fades the image of the electric sign just below it. 
Middle: liquid crystals are used in modern airplane 
instrument panels. Bottom: diagram showing how 


electric current scatters crystal’s arrangement. 
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Uptel Corp. 


Liquid crystals are used in many digital readout 
watches. The numbers are very easy to read 


Opaque and “spell out” the letters or 
numbers. Many ways of using this property 
of liquid crystals have been devised, 

Some liquid crystals are especially sen- 
sitive to temperature changes. They reflect 
or absorb different colors according to the 
amount of heat they receive. Such crystals 
are used in some hospitals to monitor the 
temperatures of babies. A disk of the mate- 
rial is placed ona baby and then read a few 
minutes later. Different colors indicate high 
or low temperatures. 


THE FUTURE 


Liquid crystals seem Strange and new, 
but they are not. Many substances go 
through a liquid-crystal phase as they 


Homes of the future may 
have walls made of liquid 
crystal glass panels that 
change from transparent to 
opaque at the flick of a 
switch. An electric current 
changes the molecular ar- 
rangement of the liquid 
crystal, bringing about the 
change. 


change from solid to liquid. All of them are 
organic compounds. The most familiar liq- 
uid crystal is the soap bubble. The rodlike 
molecules of soap line up in an orderly way 
on the bubble’s surface, holding it together, 

The true nature of liquid crystals has 
been known for almost a century, The ma- 
terials were named in 1889 by a German 
physicist, Otto Lehmann. Since then they 
have often been studied, but for a long time 
they seemed to have no practical use, Only 
in the mid-twentieth cent after other 
technological advances had been made, did 
scientists think of putting liquid crystals to 
work. 

Many problems remain 
tal technology. For example 
crystals are so sensitive to 
very hard to control. They 
last very long. Other advanc 
flat television set mentioned at the begin- 
ning of this article, depend on advances in 
other fields of technology as well. Never- 
theless, liquid crystals have come to be 
used in several ways, and are of in- 
creasing interest in a number of scientific 
fields. For example, it appears that many 
parts of the human body, such as the mate- 
rial surrounding the nerves, are in fact liq- 
uid crystals. On the research front as well 
as in the area of technology, the world of 
liquid crystals has much to offer 


liquid-crys- 
ause liquid 
ze, they are 
) tend not to 
such as the 
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by George L. Clark 


The science of microscopy began per- 
haps when some prehistoric ancestor of 
ours picked up a rounded piece of rock 
crystal or volcanic glass and saw that ob- 
jects were enlarged by it. We know that for 
thousands of years man has sought to ex- 
tend his powers of vision by means of 


The optic roscope was first developed near the 
end of the entury. The first crude instruments 
were refir ver the centuries until the optical micro- 
scope col veal scenes like the one at top: the un- 
derside of if, showing stomata, or openings. Even 
more powertul are the nonoptical microscopes. Bot- 
tom: a metal under an electron microscope. 


CCM—General Biological Supply, Inc 


Dow Chemical Company 


devices that magnify the objects that he 
sees. Ancient engravers in the Middle East 
used glass globes filled with water to mag- 
nify the objects that they were carving. 
Spheres of rock crystal were used in the 
same way. Simple reading lenses were com- 
mon during the period of the Roman Em- 
pire. Progress in the field was slow in the 
ages that followed, yet by the end of the six- 
teenth century lens grinding had become 
quite an advanced art. 

Near the end of the sixteenth century, 
a great breakthrough occurred when Dutch 
opticians combined several lenses to make 
the first known compound microscope. Im- 
provements in lenses and the design of in- 
struments continued in the following years 
and on into the present. The science of 
microscopy is as progressive today as ever. 
In 1953, for example, a Nobel Prize in 
physics was awarded for the development 
of the phase microscope, discussed later in 
this article. 

Until comparatively recent times, the 
only devices for magnifying small objects 
or the details of larger objects were optical 
microscopes, which depended on the use of 
visible light, a form of radiation. These in- 
struments are still widely used. They have 
been supplemented, however, by various 
types of nonoptical microscopes, based on 
other kinds of radiation, such as X rays, 
ions, and electrons, and based on ul- 
trasound. These devices have provided far 
higher magnifications than were previously 
possible. With certain instruments of this 
type we can even see individual molecules 
and atoms! 

In this article, we shall discuss some of 
the more important types of both optical 
and nonoptical microscopes. 

OPTICAL MICROSCOPES 

With a few exceptions, optical micro- 

scopes are based wholly or partly on the 


refraction, OF bending, of visible light. This 
refraction occurs when light passes from 
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one transparent medium to another trans- 
parent medium, which is denser than the 
first. The light rays are slowed down. When 
they emerge from the second medium, they 
follow a path that is different from the origi- 
nal one. In optical microscopes, this refrac- 
tion of light is used to form a magnified 
image. 


LENSES 


The name lens is given toa transparent 
medium that causes the refraction of light. 
This medium is generally made of glass, 
though transparent plastic has also been 
used. There are various types of lenses. 

The biconvex lens, which has two con- 
vex surfaces, is thicker at the center than at 
the edges. Light rays passing through the 


Fig. 1. When light rays pass through a biconvex lens 
Parallel to the axis, they meet at the Principal focus, 
The distance from the principal focus to the center of 
the lens is the focal length. 


lens parallel to the axis converge, or come 
together, at a point beyond the lens, as 
shown in Figure 1. This point is called the 
principal focus. The distance from the prin- 
cipal focus to the center of the lens is the 
focal length. Since the light rays are made 
to converge, the lens is referred to asa con- 
verging lens. 

The biconcave lens has two concave 
surfaces. It is thicker at the edges than at 
the center. When light rays parallel to the 
axis pass through the lens, they diverge, or 
spread apart. If we follow these diverging 
lines back through the lens, as shown by the 
dotted lines in Figure 2, they seem to meet 


at a point on the same side of the lens as the 
source of light. This point is the principal 
focus of a biconcave lens. The distance 
Fig. 2. When light fays pass through a biconcave lens 
Parallel to the axis, they diverge. |! they are followed 
back through the lens (dotted lin they seem to 
meet on the same side of the lens as the light source, 
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a 3. The centers of Curvature of the two surfaces of 


either a biconvex or a biconcave lens i 
i are on differe 
sides of the lens. W 
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Fig. 4. The centers of curvature of the two surfaces of a 
meniscus lens (shown in the diagram) are on the 
same side of the lens. 


Fig. 5. The six principal types of lenses. A. Biconvex. B. Biconcave. C. Plano-con- 
vex, D. Plano-concave. E. Converging meniscus. F. Diverging meniscus. 


from the principal focus to the center of the 
lens is the focal length. This type of lens is 
called a diverging lens. 

The curved surfaces of both the bicon- 
vex lens and the biconcave lens are parts of 
spheres whose center is called the center of 
curvature. In biconvex and biconcave 
lenses, the centers of curvature of the two 
surfaces are on different sides of the lens 
(Figure 3). In the so-called meniscus 
lenses, the centers of curvature are on the 
same side of the lens (Figure 4). Certain 
lenses have one plane, or flat, surface. If the 
other surface is convex, the lensis said to be 
plano-convex. If the other surface is con- 
cave, the lens is plano-concave. 

The six principal types of lenses are 
shown in Figure 5. We shall have occasion 
to refer to several of them in the pages that 
follow. 


SIMPLE MICROSCOPES 


Such optical devices as hand lenses, 
reading glasses, and jeweler’s loupes are all 
known as simple microscopes. They have 
only one stage of magnification—that is, 
only one lens system, which may be made 
up of a single lens or of several lenses, 
joined together. 

The familiar simple microscope known 
as the hand lens generally consists of a 
single biconvex lens. When this lens 1s 
focused on an object, no image will be 
produced if the object is at the principal 
focus of the lens—that is, a focal length 
away from the lens. Figure 6 shows what 
happens when the object is at a distance of 
more than one focal length from the lens. 


The rays of light pass through the lens and 
then focus on the object along an imaginary 
plane more or less parallel to the plane of 
the lens. The observer looking through the 
lens at the object sees an image that is on 
the same side of the lens as the observer. 
The image is inverted. It is called a real 
image, because it can be projected onto a 
screen held at the plane of focus on the 
same side of the lens as the observer. The 
real image is also known as the primary 
image. 

Now you know that when you examine 
an object with a hand lens in order to obtain 
an enlarged view, the image is upright. For 
this to happen, the object must be placed at 
a distance that is less than the focal length 
of the lens (Figure 7). The rays of light 
reflected from the object pass through the 
lens and then diverge. No real image is 
formed on the observer's side of the lens. 
However, the human eye projects the 
emerging rays back through the lens 
whence they came (dotted lines in Figure 
7). The rays then form an enlarged, upright 
image on the same side of the lens as the 
object. This is called a virtual, or second- 
ary, image. It is not real, in the sense that it 
cannot be directly projected onto a screen 
held at the plane of focus. However, it can 
be photographed. Also, a virtual image can 
be treated like an object that can be viewed 
through another lens so as to produce a 
higher magnification 

You can put to the test the optical phe- 
nomena described above by a simple dem- 
onstration with your hand lens. Hold the 
lens about one-third of a meter from your 
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Fig. 6. The object (arrow) is at a distance of more than 
a focal length from the lens. The image is real and in- 
verted. 
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Fig. 7. The object (arrow) is at a distance of less than a 
Salienatt from the lens. The image is virtual and 
upright. 


pears, enlarged but inverted. This is the real 
image. 

The approximate Magnifying power of 
your hand lens can be determined very sim- 
ply. Set a book upright with its spine, or 
backbone, facing you. Look at the printed 
matter near the bottom of the spine through 
your hand lens. Move the lens back slowly 
until the image becomes a blur. The book is 
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now at the principal focus < 
distance from the book to 
sents the lens’s focal lengi! 
distance with a ruler marke: 


the lens. The 
ve lens repre- 
Measure this 
n centimeters, 


Next, divide the focal length into 25 centi- 
meters, if you have been mea suring in cen- 
timeters. This number has been derived 
mathematically. The result wii} be the mag- 
nifying power of your len Thus, if the 
focal length is five centimeters, the magni- 
fying power is five, since 25 — 5 =5, 
LENS DEFECTS 

Your hand lens has certain inherent 
defects or aberrations. One of these is 
Spherical aberration, based o% the fact that 
the curved surface of such a lens is part ofa 
sphere. We assumed earlier in this article 
that all the rays of light that pass through 
the lens will meet at a common focus. This 
is not strictly the case. The parallel rays of 
light that strike the margins of the lens will 
fall pretty far from the focus. Spherical 
aberration may be reduced } decreasing 
the aperture of the lens—that i+, the part of 


the lens through which pass rays of light 
reflected from the object. Anoiher method 
is to use a composite lens, which combines 
converging and diverging lenses. The rays 
of light reflected from the object will be 
brought to approximately the same focus 
by the central region of one lens and the 
marginal region of the other lens. p 

Another inherent defect in lenses is 
astigmatism. In this, the rays of light that 
Pass through the lens obliquely from a 
Point remote from the principal axis of the 
lens do not converge at a common image 
point. One way of correcting this condition 
is to chance the shape of the lens, as is 
done in the case of the spectacles worn by 
Persons suffering from astigmatism. 

Still another defect is chromatic aber- 
ration—aberration caused by differing 
colors. It is particularly pronounced when 
an object is viewed in natural, or white light. 

is is a mixture of many different colors, 
each Corresponding to a different wave- 
length. Each wavelength is refracted dif- 
ferently as it Passes through a lens—a prop- 
erty known as dispersion of refrac- 
tion—and this brings about chromatic aber- 


ration. The refraction of the different wave- 
lengths is also affected by the composition 
of the glass of which the lens is made. Thus 
crown glass, a compound of potassium, will 
not refract the different wavelengths of light 
in the same way as flint glass, which con- 
tains lead 

Chromatic aberration is generally cor- 
rected by combining different types of 
lenses made of different materials. For ex- 
ample, a biconvex converging lens of crown 
glass is often combined with a plano-con- 
vex diverging lens of flint glass. A com- 
pound lens of this sort is called an 
achromatic lens. In the so-called apo- 
chromatic lens, a third lens is added. In 
correcting for chromatic aberration, spheri- 
cal aberration is also corrected. 

For hand lenses that are to be used at 
low magnifications for ordinary purposes, 
the optical defects listed above are not 
serious enough to prevent the formation of 
an image that is quite acceptable. If it is 
necessary to do fine work at higher mag- 
nifications with a simple microscope, some 
or all of the corrections described above 
must be made. Corrected lenses are to be 
found in the simple microscope called the 
binocular magnifier, in which a single lens 
is provided for each eye. 

Magnifiers with a single lens system 
have distinct limitations. For one thing, a 
lens must have a very short focal length to 
yield a high power. Unless the lens is very 
small, the effects of spherical and chromatic 
aberration become so pronounced that they 
cannot be adequately corrected. Hence 
simple microscopes are not effective at 
magnifications much above 10%, or ten 
times the seeing power of the naked eye. 


COMPOUND MICROSCOPES 


If we are to obtain high magnification 
with a wide aperture in an optical micro- 
scope, we must adopt a compound optical 
system. In this, at least two separate and 
distinct lens systems are used. We find this 
combination of systems in the compound 
microscope, Basically it consists of (1) an 
objective, which is close to the object that is 
to be viewed, and (2) an eyepiece, or OCU 
lar, which is located at a considerable dis- 


tance from the object and close to the eye 
of the observer. 

The standard compound microscope. 
Figure 8 shows a standard compound mi- 
croscope of the type often used by stu- 
dents. The specimen to be viewed is com- 
monly set or mounted on a glass slide, 
which is often covered by a thin cover 
glass, or cover slip. The slide is firmly held 
on a flat stage, which is attached to a base 
or support. The rays of light entering from 
the side of the instrument, under the stage, 
are reflected upward by a mirror to a con- 
denser. The condenser is generally made up 
of several lenses, which concentrate the 
light on the specimen. From the condenser, 
the concentrated light rays pass up through 
an opening in the stage to the specimen. 
Under the stage, we also find a device that 
controls the lens aperture—either an iris di- 
aphragm or a rotating metal disk containing 
a number of different apertures. In inexpen- 
sive microscopes, there is no condenser or 
aperture-controlling device. Light from the 
external source is reflected directly from 
the mirror to the specimen. 

The objective and the eyepiece are 
located in a tube, or barrel, which is sup- 
ported on the same base as the stage. Sev- 
eral objectives of different powers are 
mounted on a swiveling nosepiece. Each 
objective can be swung into position in turn 
in the barrel. The objective in all good mi- 
croscopes consists of at least two and gen- 
erally more lenses. The eyepiece usually 
has two. Corrections have been made in the 
lens systems for the aberrations noted 
above. ’ 

The specimen is just outside the prin- 
cipal focus of the objective and therefore 
the lens produces a real, inverted, and 
enlarged image of the specimen. This image 
is still further magnified by the eyepiece. 
Since the image falls between the eyepiece 
and its principal focus, a virtual image is 
produced. The rays of light that emerge 
from the eyepiece and fall upon the retina 
of the observer’s eye are divergent. The 
eye, however, projects these divergent rays 
back again to form a much larger virtual 
image. This image is inverted, just like the 
real image formed by the objective. 
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Through the use of control knobs, the dis- 
tance between the objective and the speci- 
men and between the objective and the 
eyepiece can be delicately adjusted so as to 
bring the specimen clearly into focus. 

The total amount of magnification of 
the microscope is the product of the mag- 
nification of the objective and the eyepiece. 
Thus if the objective magnifies an object 40 
times and the eyepiece magnifies it 10 
times, the microscope will have a mag- 
nification of 400 x. 

It should be pointed out here that reso- 
lution, or resolving power, is as important 
as magnification. By resolution is meant the 
ability to distinguish clearly between mi- 
nute and closely spaced details of structure. 
Suppose two lines were drawn so close to 
One another that a hundred thousand of 
them would take up only a centimeter, A 
microscope that could resolve the two 
lines—that is, that would make them stand 
away from each other so that they could 
be clearly seen—would be an instrument 
of extraordinary power. Magnifications of 
up to 2,000 x, with good resolution, have 
been obtained with the very best com- 
pound microscopes. Higher magnifications 
could be achieved, but the inadequate 
resolving power would make such mag- 
nifications useless. 

The binocular microscope. Various re- 
finements have been made in the basic type 
of compound microscope we have just 
described. Thus the instrument called the 
binocular microscope has two eyepieces 
though it has but one objective. After light 
rays have passed through the objective, 
they are refracted by a prism so that part of 
them pass to one eye and the other part to 
the other eye. Since each eye sees the same 
field, presented by the single objective, the 
binocular microscope does not ordinarily 
provide stereoscopic, or three-dimensional, 
viewing. But it offers more viewing comfort 
than the monocular microscope, or micro- 
scope with one eyepiece, and has been 
widely adopted. 

The basic compound microscope, 
wheter monocular or binocular, has re- 
vealed a hitherto invisible world of which 
the simple microscope could give us no in- 
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kling. It brings clearly to our vision one- 
celled animals and plants, individual cells of 


many-celled organisms, bacteria, fine struc- 
tures of organic tissues, close-ups of textile 
fibers, and countless other close-ups that 
have made possible a clearer understanding 
of both living and nonliving things. 

But the basic compound nicroscope 
has various limitations. The high-powered 
objective has an extremely short focal 
length and must be held very close to the 
specimen under examination. Not only is 
the final image reversed, but any move- 
ments of a specimen are also reversed, 
Thus if an ameba actually moves toward 


the left, under the microscope it will appear 
to move toward the right. The field of view 
is highly restricted. Moreover the depth of 
focus is very shallow. Depth of focus refers 
to the degree to which the different parts of 
a specimen in the vertical dimension are in 
focus. Where the depth of focus is shallow, 
only a part of the specimen will be in 


focus. The parts above and below this sec- 
tion will be out of focus. Hence when a 
Standard microscope is used to study bio- 
logical tissue, say, the specimen must be 
sliced very thin with a device called a 
microtome. Since a specimen prepared in 
this way is quite transparent, it is neces- 
Sary to stain or dye it to bring out details 
of structure. 

The stereoscopic binocular micro- 
scope. This instrument provides genuine 
stereoscopic viewing. The device really 
consists of two microscopes, each with its 
own objective and eyepiece. They are 
joined together and supported on the same 
base. Prisms between the objectives and 
the eyepieces erect the images, which are 
reversed in the standard microscope. Since 
the two eyes view the specimen from 
slightly different angles, the image received 
by one eye differs slightly from that re- 
ceived by the other eye. The brain com- 
bines the two images into a composite one, 
thus giving a three-dimensional, right-side- 
up view of the object under examination. 
This type of microscope uses reflected light 
instead of transmitted light. It is invaluable 
in dissecting biological specimens. As a 
matter of fact, it is sometimes called a dis- 


Fig. 8. This diagram of a 
standard compound mi- 
croscope shows the path 
of the rays of light as well 
as the magnified image 
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secting microscope. It also serves in the ex- 
amination of objects such as fossils, gems, 
minerals, and coins. Unfortunately, the 
magnifying powers of the dissecting micro- 
scope are rather low. The practical limit of 
magnification in the case of this instrument 
is not much above 100 x. 

The polarizing microscope. Ordinary 
light vibrates at right angles to the direction 
in which it is traveling. It vibrates in all pos- 
sible directions perpendicular to the light 
ray—up and down and from one side to the 
other. If, however, light is directed through 
a special prism cut, say, from a crystal of 
the mineral calcite, only vibrations in a 
single plane are passed through the crystal. 
We say that the light has been plane- 
polarized. If we place a second such crystal 
behind the first, the two can be set in sucha 
way that the plane-polarized light will pass 
through both crystals and will be seen. If 
now we turn the second crystal 90°, the 
planes of vibration are perpendicular to one 
another and no light will come through. 


However, an object set 
crystals may affect the 
image of the object will : 
The first crystal, which p 
nal polarization of lig} 
polarizer. The second < 


mits the analysis of objects 


crystals, is known as the 

This principle has be 
polarizing microscope. T 
between the source of |i 
men on the stage of the 
analyzer is inserted betw 
lens and the eyepiece. It 
in a direction exactly at r 
polarizing direction of 


tal—the polarizer. If ther: 


on the stage, no light c 
server's eye, because the 


completely blocked out ti 
Passed into the scope thr 


crystal. The field of view 
dark. 


Suppose now that a s 


The photograph shows a modern binocular stereomicroscope. The diagram shows 


the optical arrangement of the lenses in the microscope. 
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The optical mic e, using a magnification of 10 


times, gives this y of a tick. 

talline matte; placed on a specially 
mounted slide the stage of the micro- 
scope. A visi image may appear, even 
with both po ing crystals adjusted as 
before. This is use the specimen has af- 
fected the polarized light entering from 
below. It has altered the plane of vibration 
so that a certa oportion of the light can 
now pass thro the upper polarizer—the 
analyzer—anc into the observer's eye. 
_ The stage a polarizing microscope 
is circular and “+e to rotate on an axis; the 


rim is markec 
Stage is rotate 
alternately br 


ff in degrees. When the 
he specimen may become 
and dark in a definite 


Sequence. It may exhibit various colors. By 
relating such phenomena to the degree to 
which the sta s been rotated, a chemist 


or metallurgist can determine the optical 
Properties of the specimen. He can then use 
these properties to identify and character- 
Ize the specimen on the microscope stage. 
It should be pointed out that some materi- 
als, such as glass and certain types of crys- 
tals, have no such effect on polarized light 
and so remain dark when viewed by a 
Polarizing microscope. 

_The fluorescence microscope. In the 
ordinary microscope, the viewer sees the 
Magnified image of a specimen through the 
Fe. of light that has been transmitted by 
ride ected from the specimen. In fluores- 
E e microscopes, the _ Specimen fluo- 
| eae gives off light waves of its 
the when it is excited by radiation from 

Outside. This radiation may be certain 


kinds of visible light or ultraviolet. 

Certain substances, including various 
minerals, can be made to fluoresce without 
special preparation. In the case of biologi- 
cal tissues and cells, special fluorescent 
stains and dyes are applied to the specimen. 
The radiation that causes the specimen to 
fluoresce does not contribute to the forma- 
tion of the image but is eliminated by filters. 
The fluorescing part appears bright, usually 
colored, against a dark background. 

In substances, such as minerals, that 
can fluoresce without special preparation, 
the degree and kind of fluorescence depend 
upon the chemical make-up of the sub- 
stance. Hence the microscope helps deter- 
mine its chemical composition. In materials 
(such as tissues and cells) that must be 
specially prepared with stains or dyes, the 
effect of the latter on a specimen provides 
valuable information about it. The fluores- 
cence is sometimes analyzed by means of a 
spectroscope which is attached to the mi- 
croscope. 

The dark-field microscope. This device 
causes the object that is viewed to appear 
bright against a dark background. An 
opaque disk, called a stop, is set in the con- 
denser under the stage so that no direct 
light will strike the specimen from below. 
Light reflected from the mirror under the 
condenser passes around the stop and is 
reflected from the walls of the condenser. 
They come to a focus upon the specimen in 
the form of a hollow cone of light. The 
result is a bright image of the specimen 
against a dark surrounding field. The in- 
creased contrast makes it easier to see a 
more or less transparent specimen and also 
to observe its colors. It becomes possible, 
too, to detect small quantities of sparsely 
distributed material lying on the surface of 
the specimen. 

The ultramicroscope. This was devel- 
oped long before the dark-field micro- 
scope. It is really a dark-field instrument. 
An intense beam of light is focused direct- 
ly onto the specimen at an angle of 90 
degrees from the axis of the microscope’s 
optical system. Since no light illuminates 
the object from below, it appears against a 
dark background. 
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The phase microscope. Light waves 
are retarded in different degrees as they 
pass through different portions of the speci- 
men or through the transparent slide in 
which the specimen is set. These differing 
waves are out of phase, and they interfere 
with one another. In the phase microscope 
(also called the phase-contrast micro- 
scope), further phase changes are in- 
troduced in the light passing through the 
optical system. These changes add to the 
phase differences created by the specimen. 
The resulting interference produces a high- 
contrast image. No elaborate staining pro- 
cedure or other preparation is required for 
the specimen, which may indeed be a living 
thing. 

Through the use of the phase micro- 
scope, transparent colorless crystals which 
do not refract light to the same degree as 
the liquid in which they are immersed may 
be clearly seen. These crystals would be 
too transparent to be observed in the bright 
field of the ordinary microscope. The phase 
microscope is used to study a wide variety 
of objects, including clay and dust, foods, 
fats, oils, soaps, plastics, paints, and pig- 
ments, rubber, and textiles. With this mi- 
croscope, one can clearly make out the de- 
tails of various types of cells or tissues that 
would be too transparent to be effectively 
studied with the ordinary microscope. 

The interference microscope. This is 
closely related to the phase microscope. In 
this case, two fields, one superimposed on 
the other, are presented to the view. One 
field contains an image of the specimen and 
is called the image field. The other, the ref- 


The diatom species Cocconeis rugosa, magnified 
about 5,500 diameters. This fresh-water diatom was 
photographed in a dark-field microscope. 
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erence field, differs from the first in one way 
or another, according to the particular 
model. (1) It may be formed ght which 
has no contact with the object. (2) It may 
contain an image of the object which is out 
of focus. (3) It may contain ar ige of the 


object that has been shifted s ly side- 


ways. Interference is accentuated by dif- 
ferences in light paths brought about by 
surface contour in the case of opaque ob- 
jects by differences in thickness in the case 
of transparent objects. The interference 
microscope has been particularly useful in 
biological investigations. 

Ultraviolet microscopes. Though these 
instruments use invisible ultraviolet rays, 
they are generally classed with optical in- 
A photomicrograph of a golden diatom, Aulacodiscus 
oregonus, magnified about 1,800 diameters. 


Photomicrographs of cells from mucous membranes of the human mouth, showing 
different kinds of optical fields. Far left: how the cells look in ordinary illumination, or 
bright field. There is little contrast. Middle: the same cells in a phase-contrast field. 


There is grea 
the cells and t 


contrast, with more details showing, because light passing through 
ie microscope are out of phase and interfere with each other. Right: 


Again the same cells, seen by differential interference contrast. Here surface details 
are brought out as the image interferes with light in a field superposed on it. 


struments, The reason is that in the elec- 
tromagnetic spectrum, ultraviolet radiation 
is next to violet, which is at one end of the 
spectrum of visible light. Actually, there is 
no clear-cut boundary between ultraviolet 
and violet radiation but only a gradual tran- 
sition from one to the other, as is the case 
with other wavelengths. 

In the ultraviolet microscope, ultravio- 
let rays serve to form an image of the speci- 


men. The invisible image is converted into 
a visible one by a fluorescent screen, or a 
special television tube, or an ultraviolet- 
sensitive photographic film. 

The source of ultraviolet rays is 
usually a mercury-arc tube or a special kind 
of cathode-ray tube. The ultraviolet is 
focused by means of quartz or fluorite 
lenses, since glass blocks most ultraviolet. 
In producing a television image from ultra- 


Adark-field photomicrograph of the diatom, Pinnularia dactylus, seen at about 1,075 


times its actual size 
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violet, an ultraviolet converter tube is used. 
This generates a flow of electrons in re- 
sponse to the ultraviolet image coming from 
the microscope. The image is then repro- 
duced on the screen. 

In the flying-spot ultraviolet micro- 
scope, a beam of ultraviolet, generated by a 
kind of cathode-ray tube, scans the speci- 
men in a definite pattern. The ultraviolet 
signals obtained from the specimen are 
reproduced electronically as light images 
on the screen of another cathode-ray tube. 
Ultraviolet microscopes are especially use- 
ful in showing up fine details in biological 
cells and tissues. 

Other types of optical microscopes. It 
would be impossible in an article of this size 
to discuss all the types of optical micro- 
scopes. In addition to those we have al- 
ready described, we might mention a few 
other types. In projection microscopes, the 
image is projected onto a screen so that a 
number of persons can view it at one time. 
The image of the television microscope is 
transferred to a television-camera tube, It 
can be shown by television to great 
numbers of observers at a distance from the 
specimen. The objective and eyepiece of 
the inverted microscope are below the stage 
and the light is above the stage when light is 
transmitted through the specimen. The light 
source is set below the stage when light is 
to be reflected from an opaque object. The 
comparison microscope is a combination of 
two microscopes set on different stands one 
beside the other and connected by a special 
eyepiece. By studying the two images 
formed side by side, objects on a micro- 
scopic scale can be readily compared. 


NONOPTICAL MICROSCOPES 


__ Nonoptical microscopes magnify ob- 
jects by means of radiation of short wave- 
lengths, such as is provided by X rays, ions, 
and electrons. With these instruments, 
much higher magnifications can be obtained 
than with optical microscopes. This is 
because magnification depends on the 
wavelength of the radiation that is used. 
The shorter the wavelength, the higher the 
magnification. 

As we pointed out, optical micro- 
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scopes can bring about a magnification of 
up to about 2,000 X. The enlarged images 
provided by nonoptical microscopes may 
give enlargements of a hundred thousand 
times or more. Magnifications of more than 
a million times have been achieved by some 
of these instruments. 

One of the chief problems in the design 
of a nonoptical instrument is to convert the 
invisible image produced by the radiation it 
uses into a visible one. This can be done in 
several ways: (1) by means of a fluorescent 
screen that responds directly to the invisi- 
ble radiation; (2) by providing photographic 
film sensitive to the invisible radiation; (3) 
by the use of special cathode-ray and televi- 
sion tubes. A nonoptical instrument, there- 
fore, makes use of at least two forms of ra- 
diation (one of which is light). 

Another problem in nonoptical micros- 
copy is to focus the invisible radiation. 
Glass lenses cannot be used because they 
have no effect upon or may distort this type 
of radiation. Other means of focusing must 
be provided. In the case of certain nonop- 
tical microscopes, electrical or magnetic 
fields are applied, as we shall explain later. 

A vacuum must generally be main- 
tained inside a nonoptical scope, because 
air or other gases may block the paths of 
the radiation or weaken it. Too intense radi- 
ation, however, may damage or destroy the 


Color coding of electron micrographs helps re- 
searchers analyze what they see. Here, the coloring 
enhances the visibility of structural defects. 


specimen uncer observation. Hence only 
objects that can be made to withstand these 
operating conditions can be examined with 
such an instrument. 

All these factors combine to make 
most nonoptical instruments complex, 
bulky, expensive, and difficult to use. This 
has somewhat limited their application in 
research. However, recent progress in this 
field has not on'y increased the power and 
resolution of wonoptical instruments but 
has also mace them more flexible and 
adaptable in the study of a wider range of 
objects. 


X-RAY MICROSCOPES 


es have been used for 
many years—among other things, for medi- 
cal diagnosis and in the study of the crys- 
talline structure of solid matter. X rays are 
usually generated in a special kind of tube, 
called an X-ray sube. The cathode, or nega- 
tive electrode is usually a coiled filament of 
tungsten wire. | he target, or positive elec- 
trode is made of a heavy metal. When a 
high-voltage electric current is turned on, 
the cathode is heated and gives off a stream 
of fast-moving electrons. As these strike 
the target, X rays are emitted from the lat- 
ter. These rays can penetrate even rela- 
tively dense materials. When an object is 
placed in the paths of X rays, some parts of 
the object may be opaque to the rays. The 
Invisible X-ray image is recorded as a light 
Image directly on a fluorescent screen or on 


X-ray dev 
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X-ray film. The structure of the object is 
then revealed as a pattern of light and shad- 
ow. The ordinary X-ray film does not 
present an enlarged image. 

One of the simplest methods of X-ray 
microscopy is to place the specimen direct- 
ly on an X-ray film. After exposure to X 
rays, an unenlarged image is recorded on 
the film. The image is then enlarged pho- 
tographically. This process is known as 
contact microradiography. 

A directly magnified X-ray image may 
be formed on a film or fluorescent screen by 
moving the specimen some distance away 
from the film. In this way, an enlarged shad- 
ow of the specimen is projected on the 
screen or film. This method is called X-ray 
shadow microscopy, or X-ray projection 
microscopy. The image may be magnified 
still more by the photographic enlargement 
of the film, as in the contact microradio- 
graphic method. 

The development of an X-ray micro- 
scope that magnifies objects by means of 
the refraction or reflection of X rays has 
been a difficult job. It has been achieved by 
the use of concave mirrors of polished 
metal that reflect and focus the rays at very 
low angles. 


FIELD-EMISSION AND FIELD-ION 
MICROSCOPES 


In the field-emission microscope, the 
specimen is a rounded needle tip mounted 
in a high-vacuum tube opposite a phospho- 
rescent screen. When a negative high volt- 
age is applied to the tip of the needle, elec- 
trons are emitted from it. They strike the 
phosphorescent screen and produce a 
highly magnified visible image of the 
needle-tip surface. 

An event more highly magnified image 
is produced by the field-ion microscope. In 
this, the tube is filled with a small amount of 
low-pressure gas, usually helium. When a 
high voltage is applied, the helium atoms 
that are in contact with the surface of the 
needle tips will each lose an electron and 
will become positive helium ions. They will 
be accelerated toward the phosphorescent 
screen, where they will provide a visible 
image. Resolution is so fine and enlarge- 
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ment is so extreme (a million times and 
more) in the field-ion microscope that indi- 
vidual atoms of metal are made visible. 


ELECTRON MICROSCOPES 


Electron microscopes have been under 
development since the early 1930s and a 
wide variety of types now exist. They are 
far more powerful than optical micro- 
scopes, though the extreme magnification 
of the field-ion microscope has not been 
reached, With the electron microscope, 
magnifications of up to a quarter of a 
million times have been achieved. 

To understand the working of electron 
microscopes, it would be well to recall a 
few facts about electrons. They are often 
considered as minute particles of matter, 
each carrying a negative charge of electrici- 
ty. In some respects, however, electrons 
act like waves. Electron waves have veloci- 
ty, intensity and a characteristic wave- 
length; they can be reflected, refracted and 
scattered. However, there are important 
differences between light waves and elec- 
tron waves. Unlike light waves, electron 
waves are very strongly influenced by elec- 
trical and magnetic fields. Moreover, they 
can be easily scattered or absorbed by thin 
layers of solid matter or by gases. 

An electron beam replaces light radia- 
tion in the electron microscope. The beam 
is focused by “lenses” consisting of either 
electrical or magnetic fields, which are 
shaped in such a way as to serve the pur- 
pose of lenses. The electric fields are 
generated by electrodes; the electromagne- 
tic fields, by electromagnets. A high vacu- 
um must be provided so that the electrons 
forming the beam will not be scattered by 
air or other gases, 

Electron transmission microscopes. 
All the working parts of the electron micro- 
scope are housed in a vertical tube more 
than one meter in length. At the top of the 
tube is an electron gun that is used to gener- 
ate electrons. A tungsten filament in the 
gun is heated to a very high temperature. It 
emits electrons, which are then accelerated. 
The electron beam is concentrated by con- 
denser coils before it falls on the specimen, 
which has been set on a specimen holder. 


MICROSCOPES 


Philip struments 


The electron microscope is vital to medical research, 
This device has allowed scientists to view the small- 
est viruses, and to analyze cell structure in detail 


The specimen either diffracts (scatters), ab- 
sorbs, or reflects electrons, depending on 
the thickness of its different parts. This will 
bring about contrast in the image. 

The electrons next pass through an ob- 
jective coil which acts as a lens, producing 
an image that represents the first stage of 
magnification. The image is projected onan 
intermediate fluorescent screen, which can 
be viewed through an eyepiece set in the 
tube. The image can be focused by varying 
the electric current that generates the mag- 
netic field, until a sharp image is obtained. 
The electron beam now passes through a 
projector coil, which provides a still higher 
degree of magnification. The image is then 
projected on the final fluorescent screen, 
which is viewed through a window or WiN- 
dows in the tube for final focusing an 
study. The image can be recorded ona pho- 
tographic plate set under the screen. f 

In some models, the vertical tube © 
the electron microscope is set atop a stan 
which houses the electrical equipment an 


Scanning electron microscopes provide striking 
images by scanning specimens with a sweeping 
electronic beam j transmitting the signals to a 
television-type s n. Right, top: a dandelion pollen 
grain; middle: a view of diatoms; bottom: a close-up 


of a cell culture 
LM. Beidler, The Florida State University 


vacuum pumps. In other models, this gear 
isin a tall cabinet and the vertical tube is set 
in front of the cabinet. 


Specimens to be used in electron mi- 
croscopes must be very thin and dry. They 
must usually specially treated to en- 
hance their visibility to the electron beam. 
The specimen is set on a thin film stretched 
over the aperture of the specimen holder. 
Thicker and higher portions of the speci- 
men are often shaded with opaque deposits 
of heavy metals. In certain cases, a replica 
of the surface of the specimen is made. A 
film-producing liquid is spread over the sur- 
face. After dry the film is stripped off 
and placed in t specimen holder. Speci- 
Mens are inserted into the tube through an 
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There is a ouman hair, magnified about 150 times. 
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tains melanin acC tal core, a middle layer that con 


, and a flat outer cuticle 
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An electron micrograph of the internal Structure of a thin sample of lunar rock. The 


venetian blind-like arrangement seen 
during cooling after the rock solidified. 


airtight locking device in a special chamber. 
Any air that has entered the tube along with 
the specimen must be pumped out before 
the instrument is used. 

Electron emission microscopes. Thus 
far we have been dealing with electronic 
transmission microscopes. In a different 
type—the electron emission micro- 
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here is due to plates of Pyroxene that formed 
d. 


scope—the specimen is made to emit o 
trons so as to form an image of itself on 4 
screen or film. The specimen is nual 
metal electrode in the shape of a wire, es 
ment or plate. It emits electrons under t : 
influence of electric currents or taroan 
bombardment by various forms of radiatie; 
or particles. In some instances, a beam 
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Thescanningelectron microscopeenablesscientists 
to study objects in three dimensions. It can magnify 
an object up to 50,000 times. The pictures on this 
page show the compc eye of a fruit fly at succes- 
sively higher magr s. The top frame is mag- 
nified 100 times. The n frame, magnified 5,600 
times, shows the individual facets of the roundedeye. 


a 


electrons is used to stimulate the specimen 

to give off its own electrons. Electron 

lenses are not strictly necessary in this 

device, though they may be used for focus- 3 

ing. The electronic emission microscope is LEY EFS 

limited to the inv gation of metals, which 4 A VARS 

constitute electro or of thin films of NA 417 

matter that have been deposited on these XA 444 

electrodes. N 147 
Other Electre oscopes. There are À Aoh 

various other t of electron micro- ` G5 

scopes. Among t is the scanning elec- 3 He 

tron microscope iis device builds up an Sites 

image of a specim: scanning it in a defi- 

nite pattern wit! weeping electronic 

beam. The signals transmitted to elec- 

tronic devices tha ivert the images into 

visible enlarged ir in a television-type 

cathode-ray tube other type is the 

atomic resolutior oscope. Using an 

electron beam produced by an accelerator, 

the three-story-hi machine produces 

black-and-white es of atoms deep 

within solids. Suc rographs show how 

atoms are mutually bonded, and are useful 

in studying exotic materials and in devel- 


oping new ones. 

The electron mi roscope has found 
applications in many different fields. It has 
een an extremely effective tool in biologi- 
cal research. It was through the electron 
Microscope, for example, that scientists 
"st learned about the structure of particu- 
ar viruses known as bacteriophages. The 
Ae has Provided new insight into the 
“ture of animal and plant cells and bac- 
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HOW TO USE 
A MICROSCOPE 


by Philip Goldstein 


So you received a microscope for your 
birthday. Congratulations! It’s a wonderful 
gift. But what are you going to do with it? 
Will you treat it as a toy to be played with 
and then stuck away on a shelf? Or will 
you consider it an exciting tool that can 
open your eyes to the hidden wonders of 
the microscopic world? 

If you hope to use your microscope to 
the greatest advantage, there is a lot to 
learn. How does it make things look bigger? 
What parts does it have? How do they 
work? What can you look at? How do 
you make a slide? These and other ques- 
tions are answered in this article, 


PARTS OF THE MICROSCOPE 


A microscope is an instrument used to 
observe small things. When a watchmaker 
examines the works of a watch with his 
loupe, he is using a type of microscope. So 


The parts of a compound micro- 
Scope. To prevent eyestrain, learn 
to keep both eyes open while look- 
ing through your microscope. This 
will enable you to use the micro- 
scope for long periods of time. 


is the person who uses a reading glass to 
see the words in his newspaper. And a 
doctor counting blood cells in a drop of 


blood is also using a microscope. 
Microscopes make smal] things appear 


larger than they really are. This is called 
magnification. Microscopes also enable us 
to see many details of structure invisible to 
an unaided eye. This is called resolution. 
The parts of a microscope that magnify 
the image and resolve the details are called 
lenses. Microscopes that enlarge in one 
stage, with a single lens system, are called 


watchmaker’s 
mon reading 


simple microscopes. The 
loupe and the simple, cor 


glass are examples of simple microscopes. 
Microscopes that enlarge in two succes- 
sive stages by means of two separate lens 
systems are called compound microscopes. 
A student-type biological microscope is an 
example of a compound microscope. Keep 


The path of light through a microscope. Learn to ad- 


ne the mirror so that you obtain as much light as pos- 
sible, 


in mind, however, that there are many dif- 
ferent types of microscopes. 

The parts of a microscope may be 
grouped into three categories: 

(1) optical parts; 

(2) parts related to illumination; 

(3) mechanical parts. 

If you have a microscope in front of 
you, examine each part as it is described. 

Optical parts. These are the lenses that 
pilatge the object, or magnify, and bring 
a the details, or resolve. The lenses are 
ein in a body tube that keeps them the 
Proper distance apart and in a straight line 
Tom the object to your eye. 
tat set of lenses nearest the object is 
2 the objective. It provides the first 
kos of magnification. Its magnifying 

er is usually engraved on the side of the 


objective. Your microscope may have two 


, or more objectives of different powers—for 


example, 10x and 43 x. These objectives 
are carried in a revolving nosepiece that 
makes it easy to switch from one to the 
other. As you rotate the nosepiece, a click 
tells you when the objective locks into 
place. 

The set of lenses next to which you put 
your eye is called the ocular, or eyepiece. It 
provides the second stage of magnification. 
Its magnifying power is usually engraved 
on its upper surface—for example, 10x. 

Thus, an object that you examine is 
first enlarged by the objective and then fur- 
ther enlarged by the eyepiece. The total 
magnification seen by you equals the prod- 
uct of the two separate magnifications. For 
example, if you use a 43X objective and a 
10x eyepiece, the total magnification is 43 
multiplied by 10, or 430 times. 

Parts related to illumination. You can 
only see something through a microscope if 
light from the object reaches your eye. 
Some microscopes come equipped with a 
lamp that sends light rays through the ob- 
ject into the microscope tube. Others have 
a movable mirror that catches light from a 
natural or artificial source and reflects it up 
to your eye. The mirror usually has two 
sides: a flat side, which is a plane mirror, 
and a curved side, which is a concave mir- 
ror. The flat side is used with natural light 
sources—sunlight. The concave mirror 
may be used to concentrate light from ar- 
tificial sources, 

Most microscopes also have a special 
diaphragm to regulate the cone of light en- 
tering the tube. This may be a disk dia- 
phragm or an iris diaphragm. A disk dia- 
phragm is a metal disk with cutout circles 
of various sizes. The disk can be rotated to 
line up any desired circle with the body 
tube and, thus, with the lenses. The smaller 
the circle, the smaller the cone of light that 
enters the microscope. The iris diaphragm 
is similar to the iris of your eye. It can open 
wide or be closed down to a pinpoint. 

Mechanical parts. These parts make it 
easy and convenient for you to use your mi- 
croscope. There is a heavy base, an upright 
supporting pillar, a curved arm, and a plat- 
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Holding the cover glass by the edges, rest one end on 
the slide close to one end of the water drop. 


Gradually lower the cover glass until the free end 
approaches the slide. (Side view.) 
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Drop the cover glass. It will float on a thin flim of water. 
(Side view.) 


The finished slide. (Top view.) 
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form called the stage. The object to be 
amined is placed over the hole in the s 
and is fastened with stage clips. An incl 
nation joint allows you to tilt the micro- 
scope at a convenient angle ‘or comforabie 
viewing. 

Special adjustment wheels operate 
gears that raise and lower t> body tube to” 
focus the microscope. Whoa the object is- 
in clearest view, it is in focus. If the image 
is not clear, it is out of focus. There are 
usually two adjustment wheels: a large 
coarse-adjustment wheel, and a smaller 
fine-adjustment wheel. a 


GOOD LIGHTING-AN ESSENTIAL 


in the absence of light your eyes are 
like those of a blind person. For you to see 
any object, light must be present. There are 
three common ways in which light may 
reach your eyes: f 

(1) reflected light: rays cf light froman 
outside source bounce off the sur- 
face of the object and reach your 
eyes; 

(2) transmitted light: rays of light from 
an outside source pass through the 
object and reach your eyes; 

(3) luminescence: rays of light pro- 
duced by the object itself reach 
your eyes. 

In microscope work we usually depend 

on transmitted light. The mirror directs a 
beam of light through the object on the mi- — 
croscope stage. The light then passes 
through the objective and goes up the tube 
and through the eyepiece to your eye. The 
resulting image is in various shades of light 
and dark against a bright, light back- 
ground. This is known as bright-field illu- 
mination. d f 

If the specimen on the stage is so thick 

that light cannot pass through it, your eye 
sees nothing but darkness through the 
eyepiece. But the lighting arrangement can 
be changed so that rays of light bounce off 
the surface of the specimen and reflect UP 
to your eye. In this manner you get a sut- 
face view of the object: a bright, shining 
image against a black background. This 1$ 
known as dark-field illumination. . 

We will concentrate on bright-field illu- 

mination because this is the kind most com- 
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Problem 


The field of vision is 
black 


The object appears dull 
and dark 


a) The object appears to 
be in a glare 

b) Colored rings are pre- 
sent in the field of vision 


a) There are dark points 
and shadows in the 
field together with 
bright spots 

b) The object appears 
bright on one side 
and dark on the other 
side 


The image shifts as you 
try to focus 


a) Dark spots in field 


b) Indistinct, foggy, 
blurry image that will 
not focus clearly 


Object cannot be 
brought into focus under 
high power without hit- 
ting the slide 


Fine adjustment wheel 
Will not turn 


Coarse adj 
; ust 
slips Justment wheel 


Coarse adj 
Justmen: 
hard to ae t wheel 


Diagnosis 


Light is not reaching your 
eye 


Not enough light is reach- 
ing your eye 


Illumination is too bright 


Illumination is uneven 


Light entering the micro- 
scope is off center 


Dust or dirt on lenses 
Lenses smeared with finger- 
prints, oil or other sub- 
stance 

Working distance of the ob- 


jective is too small for the 
distance available 


Wheel has reached the end 
of its range 


Wheel is too loose 


Wheel is too tight 


Treatment 


a) Check to see if the objective has clicked into 
place 

b) Check to see if the diaphragm is open 

c) Check to see if the mirror is sending light up 
into the microscope 


a) Adjust light to provide more intense illumina- 
tion 

b) Check to see if the slide and lenses are 
smeared 

c) Perhaps the specimen is too thick to allow 
enough light to come through 


Cut down on the intensity of the light: 

a) Use a smaller lamp 

b) Place a filter in front of the lamp 

c) Move the lamp further away from the mirror 


Adjust the position of the mirror to spread illu- 
mination evenly over the entire field 


a) Adjust mirror so that the cone of light enters 
centrally 

b) Center the condenser if the microscope has 
one that is adjustable 


Locate the dirt and remove it: 

a) Rotate the eyepiece. If the dirt moves 
along, it is on the eyepiece 

b) Move the slide to the right and left. If dirt 
moves along, it is on the slide. If dirt does not 
move, it is on the objective 


Perhaps the specimen is too thick for study 
under high power. But first check to see if the 
slide is wrong side up or if the cover glass 

is too thick 


Reset the wheel as follows: raise the objec- 
tive slightly, using the coarse adjustment; 
turn the fine adjustment wheel in the opposite 
direction until it reaches the middle of its 
range. Refocus on the object 


Tighten wheel as follows: hold right-hand 
wheel firm while turning left-hand- wheel clock- 
wise 


Loosen wheel as follows: hold right-hand 


wheel firm while turning left-hand wheel coun- 
terclockwise 
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monly used. Move the mirror on your mi- 
croscope. Note how it catches the light 
from the sky or from a lamp. By turning 
the mirror you can send the reflected beam 
wherever you wish. Place the low-power 
objective (10x) in line with the eyepiece, 
and see if you can direct the beam of light 
through the hole in the stage and up the 
tube of the microscope. Look into the 
eyepiece. It should be filled by a clear, 
bright circle of light. 

Remove the eyepiece entirely and look 
again. If the tube is still filled with light, you 
are ready to go to work. But try one more 
thing first. 

Without changing the light, replace the 
eyepiece and rotate the nosepiece until the 
high-power objective clicks into place. 
How did the change in objectives affect the 
brightness of the light that reaches your 
eye? Which objective requires more light to 
give your eye the same degree of bright- 
ness: the low power or the high power? 


PREPARING A SIMPLE SLIDE 


Once you know how to light up the mi- 
croscope field, you are ready to look at 
various specimens. But good microscope 
technique requires a lot of practice. So 
don’t rush into things. Begin slowly and 


Preparations. We will prepare a simple 
Slide and then use this slide to learn how to 
manipulate the microscope, First, set up 
your microscope in a comfortable position. 


bad if you have to strain your neck to reach 
the eyepiece. So choose a chair and table 
that will be the right height for comfort. 
Place the microscope in a safe spot on the 
table—not too close to the edge, and never 
on a notebook. With the microscope prop- 
erly placed, adjust the light so the in- 
strument is ready for use, 

Your first venture in slide making will 
be to make a letter [e] slide. The materials 
you will need are: 

(1) one slide; 
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NT 


To lower 
body tube 


To raise 


body tube 


€ 


body tube. Be 


Practice raising and lowering tt 
careful not to hit the slide or cover glass with the ob- 
jective. 


(2) one cover glass; 

(3) lens paper; 

(4) forceps (tweezer); 

(5) pipette (medicine dropper); 

(6) small scissors; 

(7) glass of water; 

(8) sheet of newspaper; 

(9) pencil and paper. : f 
A slide is a 7'/, by 2'/,-centimeter piece 0l 
clear glass. A cover glass is a small square 
(or circle) of very thin, clear glass. sios 
and cover glasses should always be handle 
by the edges to avoid getting fingerprints 8 
the surfaces. Lens paper is a tissue that n 
specially prepared for cleaning slides, cove 
glasses, and microscope lenses. orgie 
facial tissues or a clean, soft cloth are sui 
able substitutes for lens tissue. 


MAKING THE SLIDE 


aT r 
Cut a small square containing v 
Elout of the newspaper. Try to loca 


smallest [€] possible that has nothing 
printed on the reverse side of the paper. 
Be sure it is a lowercase [€], and not a capi- 
tal letter “E.” 

Place the tiny square of paper in the 
center of a clean slide. Hold it in place with 
the forceps while you add a drop of water 
with the pipette. If the square swings 
around in the water, line it up again with the 
tip of the forceps. Now place the cover 
glass on top of the waterdrop. 

In a perfect slide the [€] will be upright, 
with the edges of the square of paper run- 
ning parallel to the edges of the slide. The 
entire cover glass will rest on a thin, flat 
film of water. There will be no water on top 
of the cover glass and no excess water on 
the slide outside the cover glass. You can 
soak up excess water with a tiny piece of 
lens paper. But be careful that you don’t 
remove too much water. Insufficient water 
under the cover glass makes a poor slide. If 
any portion of the cover glass is not sup- 
ported on a film of water, follow the illus- 
trated procedure. 

Your slide is now ready for use. But 
first examine it closely while it is still on the 
table. Draw the as it looks to your 
unaided eye. Be sure that your drawing rep- 
resents the actual size, shape, color, 
thickness, and position of the fj. Is it 
Printed in solid black ink? 

_. Focusing under low power. Place your 
slide on the microscope stage so that the [€] 
is centered over the hole. Be sure the [e] is 
in an upright position as you look at it with 
your unaided eye. Check that the low- 
nla (10x) objective is in place over the 

e. 

the Now put your head down to the side of 
Gua until your eyes are at the 
a pe Stage. Grasp the coarse-adjust- 
chen eel and slowly turn it counter- 

ce. ‘iy poe lowers the body tube and 
when Te aoe to the slide. Stop 
aba Objective is about 0.5 centimeters 

e the [e]. 

s = the [Bis centered under the ob- 
VOU gee A en look into the eyepiece. Do 
very. vee ete If not, raise the objective 
iustment ot owly by turning the coarse-ad- 

eel toward you. Stop as soon as 


the[E]comes into view. Use the fine-adjust- 
ment wheel to get the clearest picture. 

Draw a new picture of the [€] as it now 
appears. Do you observe any differences? 
Is the [e] larger? Does it still appear right 
side up or is it upside down? Has it been 
reversed from right to left? Does the ink 
still appear solid black? 

With your eye at the eyepiece, move 
the slide very slightly to the right. Which 
way did the image move? Now move the 
slide slightly to the left. What happens? 
Which way does the image move if you 
move the slide away from you? Toward 
you? 

Focusing under high power. Center 
the [e] under the low-power objective. With 
your eye at stage level, rotate the nosepiece 
until the high-power objective clicks into 
place. The high-power objective is longer 
than the low-power objective, so be careful 
that it does not strike the slide. Now, with 
your eye at the eyepiece, slowly turn the 
fine-adjustment wheel toward you until the 
image clearly appears. 

The procedure is modified slightly if 
there is danger that the high-power objec- 
tive will hit the slide when you swing it into 
place. Before rotating the nosepiece, raise 
the objective just enough to provide clear- 
ance. Swing the high-power objective into 
place. With your eye at stage level, lower 
the objective until it almost touches the 
slide. It must be very close—but not quite 
touching. Now, with your eye at the eye- 
Piece, focus upward with the fine adjust- 
ment until the image is clear. 

Now you see only a small part of the 
[E], but it is more highly magnified than 
under the low-power objective. Do you 
see more under low power or high power? 
This depends on one’s definition of 
“more,” doesn’t it? Which magnification 
shows a greater area of the object? Which 
magnification reveals more detail? 

In summary, we can say that the mi- 
croscope makes the object appear larger 
and brings out details you cannot see with 
the unaided eye. It makes the image appear 
upside down and backward, and reverses 
the apparent direction of motion. Higher 
magnifications show a smaller area of the 
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This tentacled animal, the hydra, is a common inhab- 
itant of freshwater ponds. Magnification: 25x. 


Many different types of algae can be found in a drop 
of pond water. Here are two common examples: 
Spirogyra (above) and Volvox (below). Magnification: 
175X and 150X, respectively. 


object and require more ir 
tion. 


A LITTLE CARE GOES A | 


tense illumina- 


DNG WAY 


Your microscope is a p 
ment that should be treat 


ision instru- 
with respect, 


To carry the microscop rasp the arm 
with one hand. Put your other hand under 
the base for support rt swing or 
bounce your microscope jar it as you 
put it down. Nevery try to ı microscope 


by the body tube. You mig 
microscope crashing ónt 
lift it this way. 

You cannot make go 
with a dirty microscope 
Your equipment should 
time you begin to work. l 
dust the metal parts. Clea 
all the lenses. But be ca 
greatest enemy of lenses 
of which the lenses are 
quite easily. If you rub th 
fort to wipe off the dust, th 
particles will cause scratchi 
be blown off the mirror an 
bulb syringe or removed wit 
brush. 

Naturally, the less dust 
lenses, the less the chance of scratches. So 
always keep the eyepiece in the tube to 
prevent dust from getting on the back of the 
objective. Keep a plastic dust cover over 
the microscope when you are not using it, 
or store it in its case. à 

Fingerprints smeared on lenses make it 
impossible to see anything clearly. No mat- 
ter how careful you are, however, lenses do 
get smeared. Fingers touch objectives, 
eyelashes smear oil on eyepieces, and so 
on. 

A dirty lens should be cleaned with a 
soft cloth, absorbent cotton, or lens pape! 
moistened with soapy water, alcohol, oF 
xylol. Go easy on the solvent: if it gets into 
the lens system it can loosen the cement 
that holds the system together. i 

From time to time you may run into 4 
Situation that frustrates you because you 
don’t know what to do about it. Perhaps the 
chart on page 319 will help you overcome 
some of these problems. 


nd part of the 
floor if you 


observations 
dirty slides. 
leaned each 
| soft cloth to 
e mirror and 
dust is the 
optical glass 
ide scratches 
nses in an ef- 
itty, abrasive 
Dust should 
enses with a 
ı camel's hair 


at gets on the 


A. Not enough water under the cover glass. 


B. Place the pipett 
and then releas 


near one edge of the cover glass 
) drop of water, 


MORE SLIDES 

You have already learned to make a 
temporary we! mount with the letter[E]. The 
same techni: can be applied to many 
other specim as long as they are thin 
enough for lighi to pass through. Perhaps 
some of the following suggestions will get 
you started. Once you begin, new ideas will 
come faster than you can pursue them. 

Pond water Every freshwater pond 


Supports countless small animals. Some 
may be visible as tiny white specks scurry- 
Ing about. Others are invisible to the 
unaided eye. To explore this fascinating 
World, you need only put a drop of pond 
water under the microscope. 

_ Collect samples of pond water from 
different Places. Baby-food jars make ex- 
cellent containers. In each jar put a little 
mud or dirt from the bottom in with the 
water. Add some fragments of the local 
Water plants. Cover the jars and take them 
pee To examine your treasures, put a 
rop of the water in the middle of a slide 
and add a cover glass, 
ita the field under low power to 
divin e organisms. If you do not find 
‘We = at first, do not throw the sample 

ws he organisms may be very scare. 

mine many drops, from different parts 
© Jar, before you decide there is 


C. Soak up excess water with a small piece of lens 
Paper, but do not remove too much. 


nothing to see. If you cannot find any living 
things, let the jar stand undisturbed for sev- 
eral days so that the organisms can repro- 
duce. You may then find your culture teem- 
ing with life. 

There are many books that you can use 
to identify the organisms you see. Ask your 
teacher or librarian to recommend some. 

Hay infusion. Fill a large jar about 
two-thirds full of tap water. Let it stand, un- 
covered, for three or four days so that air 
can dissolve in it. Cut some hay or other 
dried grass into short pieces and drop two 
handfuls into the water. Cover the jar and 
allow the culture to incubate about two 
weeks. If you want to rush things, add a 
little pond water or aquarium water to the 
culture. 

When the culture is ready, examine 
several drops taken from different parts of 
the jar. You will be surprised to see how 
many different microorganisms appear: 
bacteria, protozoa, even multicellullar 
plants and animals. A hay infusion will 
thrive for months. Just add oxygenated 
water from time to time to replace that 
which has evaporated. Keep a record of the 
organisms you see—you will constantly 
add to it. 

Population change. Life in a culture is 
always undergoing change. When condi- 
tions are good, organisms reproduce rapid- 
ly. Such a population explosion, however, 
soon uses up the available food and pollutes 
the culture with wastes. The population 
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`i > 
both photos. America P. 


Left: cotton fibers. You can make slides of fibers from a large variety of fabrics 


wool, silk, linen, and other natural fibers, and Dacron, polyester, and other synthetic 
fibers. Right: epithelial cells from the inside lining of a human cheek. This pho- 
tograph was taken through a phase-contrast microscope. 


begins to decline. But what is bad for one 
organism may be good for another. The 
same conditions that cause the death ofone 
kind of microorganism may cause a popula- 
tion explosion in another kind. You can 
witness this rise and fall of populations in 
any culture, Just keep the culture going for 
a few months and look at it from time to 
time. 

Crystallization. Prepare a very con- 
centrated salt solution in boiling water. Put 
a drop of this solution on a slide without a 
cover glass. Look at it under low power and 
note how clear the liquid is. Observe the 
slide at thirty-minute intervals. As the 
water evaporates, beautiful salt crystals ap- 
pear. Watch them grow. 

Try looking at the crystals under dark- 
field illumination. Cut off all light from 
below the Stage. Position a small, high-in- 
tensity lamp so that its light is directed onto 
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the stage from the side. You now see i 
crystals by reflected light rather than by 
transmitted light. If you like what you see, 
try preparing crystals of other substances: 
sugar, Epsom salts, copper sulfate, sac- 
charin, instant tea, and so on. j 
Bread molds and their relatives. Brea 
kept in a moist, dark place soon becomes 
moldy. Bread mold looks like dirty me 
Cotton fluff, with round white and black 
spots scattered about. These spots ee 
tain spores. When ripe (black) they per: 
releasing microscopic reproductive aah 
Transfer a bit of the mold to a drop ee 3 
or mineral oil on a slide. Examine unde 
low power. Then add a cover glass ai 
Switch to high power. Extend your A J 
of molds by examining other kinds—tho 
growing on cheese or fruit, for example. ? 
Staining. Some things are difficult K 
see under a microscope because they ha 


GA . 


AD 


A. Carefully pee a piece of the A >. ET 
thin skin four he inside of Á f e 
each onion lay £ £ ` a 
C. Add a drop of dilute iodine at the 
\ edge of the cover slip 
\ 
\ 
an V. á 


z 


power 


B. Place the or r 
water and cov: 


a drop of 
ver slip 


little or no c 
solved by st 


This problem may be 
the object with colored 
dyes. Different structures in the object will 
absorb the dye differently: some will stain 
darkly, others lightly, some not at all. Thus 


the dye creat isible contrasts that did 
not exist befe 
Any colo liquid can act as a stain. 


Try iodine, merthiolate, mercurochrome, or 
gentian violet. One or more of these are 
commonly found in a home medicine chest. 
A toothpick makes a fine applicator. Dip 
the toothpick in the stain and swish it about 
in the liquid on the slide. 

For your first stained slide, gently 
Scrape a few cells from the inside lining of 
your cheek with the blunt end of a tooth- 
Pick. Smear the scrapings on a slide, add a 
drop Of water, and stain with iodine as 
fescribed above. Add a cover glass and ex- 
amine under low and high power. Notice 
that the cells stain light brown, but the 
nucleus and certain granules inside the cell 
appear dark brown. 
ten You can also make a stained slide 
inside of co very thin fragment from the 
slide Ra potato. Mount this fragment on a 

- Add a drop of water and a cover 


D. Examine the onionskin, under 
low power and then under high 


430X 


Microscopic view of a nylon stocking. Examine sever- 
al stockings to determine if all stockings are manufac- 
tured the same way. It might be interesting to examine 
other types of fibers. 

Bausch and Lomb 
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glass. Examine under low power. Now run 
a tiny drop of iodine under the cover glass 
and watch it approach the edge of the po- 
tato. A remarkable change occurs. As soon 
as the iodine touches the potato, it turns 
dark blue or purple. If your slide is good 
enough, you can see that the potato cells 
themselves have not turned purple. Only 
the starch grains inside the cells are af- 
fected by the iodine. In other words, the 
iodine makes visible the starch grains that 
you could not see on an unstained slide. 

Iodine, merthiolate, mercurochrome, 
and gentian violet are poisons that kill the 
organisms that they stain. That is why they 
are used as antiseptics. Perhaps the non- 
toxic food colors from your kitchen will 
stain living cells without killing them. 

Always use a stain very sparingly. 
Overstaining turns objects into dark blurs 
in which details are completely invisible. 

Other observations. As you can see, 
there are many things to look at with a mi- 
croscope. The few we have mentioned can 
get you started. As you work, many new 
ideas will present themselves. You will try 
new things and, as time passes, develop 
new and better techniques. 


WHAT TO BUY 


As you progress, you may require a 


An oil-immersion objective is gener- 
ally needed to examine minute ob- 
jects such as bacteria. After you 
place a drop of cedar oil on the 
cover glass, carefully lower the oil- 
immersion objective so that it just 
touches the oil. Focus with the fine- 
adjustment wheel. After you are fin- 
ished, use lens paper to wipe the oil 
off the objective and the cover glass, 
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better microscope. Here are a few sugges. 
tions on what to look for in buying a micro- 
scope. 

The first step upward is to replace your 
student-type biological microscope with a 
laboratory type. A laboratory microscope 
usually has a 10x eyepiece and three objec- 
tives (10X, 43x high-dry, and 97x oil-im- 
mersion) mounted in a triple nosepiece. If 
the 10 x objective is divisible you gain an 
extra advantage: in a divisible objective the 
front lens unscrews, leaving a 4x objective. 
With the combination of lenses just de- 
scribed, you can get magnifications as low 
as 40 and as high as 970. 

An oil-immersion lens is designed to be 
used only when connected to the cover 
glass by a drop of cedar oil. This type of 
lens requires powerful illumination. There- 
fore the microscope should be equipped 
with a substage condenser: a set of lenses 
below the stage that concentrates the light. 
There should also be an iris diaphragm and 
a substage illuminator to provide consis- 
tent, dependable lighting. 

A mechanical stage makes it easy to 
move the slide you are observing. One 
knob moves the slide forward or backward; 
another moves it right or left. 

Extra eyepieces of different powers or 
for special purposes are always useful. 


Perhaps the most interesting special-pur- 
pose eyepiece is the 10-20 zoom. This 
eyepiece is constructed in such a way that it 
can change ification from 10X to 11x 
to 12x and s 1—up to 20x. Thus, if you 
are using it with a 10X objective, you can 
get any magnification between 100X and 
200 x. 

The mo 
scope are its 
can distort th 
into rainbows 
should be eq 


mportant parts of a micro- 
nses. Any defect in a lens 
ge or break the light up 
f color. A better microscope 
ved with lenses corrected to 


eliminate th defects. It should have 
achromatic jectives and eyepieces. 
These contain lenses that do not break up 
the light into colors. 

Don’t be talked into buying a micro- 
scope merely because of its high magnify- 
ing power. W? you do want your micro- 
scope to magnify, you also want it to 
resolve fine structures. To illustrate the im- 
portance of resolving power, imagine using 
two different lenses to examine two 
tiny black dots of the same size. 

The two « may look exactly alike to 
the unaided « Under lens A they are 
enlarged, but they still look exactly the 
same. Lens B. however, tells a different 
Story. It shows ihe first dot is made of many 
fine parallel lines. This lens was able to pick 


out and reveal the fine internal structure of 
the 2 dots because it has a high resolving 
power. The resolving power of the first lens 
was too low to separate the delicate struc- 
tures. 

Resolving power depends on the 
numerical aperture, or NA, of a lens. The 
higher the NA of a lens, the greater its 
resolving power. Even if your low-power 
objective only needs an NA of 0.25, you 
will want a high-power objective of at least 
0.65 NA and an oil-immersion objective of 
1.25 NA. It is also important that the NA 
of the substage condenser is about equal to 
that of your finest lens. 

A relatively new approach in micro- 
scope work is the use of phase contrast to 
make structures visible. As you now know, 
with an ordinary microscope it is often nec- 
essary to color the specimen with dyes to 
bring out certain structures. A phase-con- 
trast microscope makes the structures visi- 
ble without dyes. Instead it depends on the 
interference of light rays to produce the 
contrasts needed to make the structures 
visible. If you are buying a better micro- 
scope, you might consider one equipped 
with phase contrast. 

And now, good luck! Whichever mi- 
croscope you use, there are some wonder- 
ful adventures waiting for you. 


Top: bone marrow viewed through an optical microscope. Bottom: 
jone marrow viewed through an ultrasound microscope. The optical 
microscope gives a sharper image, but dye had to be added to the 


specimen to produce the image. 


> 


Courtesy of Dr. C.F. Quate, W.W. Hansen Laboratories of Physics, Stanford University 


HOW TO USE A MICROSCOPE 


At extremely low—cryogenic—temperatures, some metals become superconduc- 
tors of electricity. Left: an Ordinary copper bar is compared with a thin wire of 
Superconducting material. The wire can Carry the same amount of electricity as the 
bar, It is used in the small, but powerful, superconducting generator, at right 
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Cryogenics, a word derived from the 
Greek (kryos means “cold”), is the science 
of very low temperatures, It had its birth in 
the latter half of the nineteenth century 
when, for the first time, researchers learned 
how to cool things to a temperature lower 
than has ever existed naturally on earth. It 
then became possible to reduce certain 
gases to the liquid state in the laboratory. 


EARLY WORK 


The ability to create artificially low 
temperatures was a consequence of under- 
standing the behavior of gases in detail. The 
early work of the British scientists Davy, 
Faraday, Boyle, and Lord Kelvin, among 
others, provided such a basis. It was ob- 
served that gases heat up when compressed 
and cool off when expanded. The entire sci- 
ence of refrigeration, even down to liquid- 
helium temperatures, is based upon the 
compression and expansion of gases. 


CRYOGENICS 


Air was first liquefied in 1885 by the 
Polish scientists Karol S. Olszewski and Z. 
von Wroblewski, and ten years later both 
they and the British scientist Sir James 
Dewar liquefied hydrogen. Almost weng 
more years elapsed before helium, the H 
of the so-called noble gases, was Sinah 
reduced to the liquid state in 1908 by the 
Dutch physicist Heike Kamerlingh-Onnes. 
And now the door was opened into a 
strange new world of experimentation. 
where all substances except for KTS 
helium itself are solids that are only a ew 
degrees removed from absolute zero. Atse 
lute zero is equal to —273.16° Celsuis, or 
Kelvin. 


LIQUID HELIUM 


It was particularly the researches a 
the liquefaction of helium that made it po r 
sible to obtain the extremely low tempera 
tures with which cryogenicists work. 


Helium is the lightest and most inert of 
all the noble gases. Because of this, the at- 
tractive forces between its atoms are al- 
Most nonexistent, and consequently it re- 
Mains gaseous when all other substances 
have become liquids. The boiling tempera- 
ture of liquid helium is —268.9° Celcius— 
a a Kelvin. If liquid helium is cooled 
A urther—for example, by subjecting it 
ah puni does not freeze as all 
22 K ates do. Instead, at about 
Gi ee it suddenly transforms into a 
Bea nd of liquid which has not counter- 
im mong normal liquids. However, he- 

is readily solidified by raising the 
Pressure of the liquid. 
ae rany experiments with the strange 
ome perature form of helium, the liquid 

ies no measurable resistance to flow. 

tid ee it was said to be in the super- 

may e. Superfluidity shows itself in 
astonishing ways. For example, liq- 


Engineers have found an 
electric-insulation material 
able to withstand over 
500,000 volts at ultra-low tem- 
peratures. This may be of 
great importance for future 
power transmission systems. 


General Electric 


uid helium flows freely through tiny cracks 
and pores which are so small that even 
gases will not penetrate at any measurable 
rate. It can carry heat 1,000,000 times 
more effectively than copper and 
1,000,000,000 times more effectively than 
normal liquids. Another remarkable prop- 
erty of liquid helium is its ability to spread 
out into a microscopically thin film over all 
solid materials which it touches, and then to 
flow from one place to another at high 
speed through the agency of this extremely 
thin film. 

The strange behavior of this liquid can 
be explained as follows. When helium is at 
a temperature 2.2° Kelvin, some of its 
atoms have lost their thermal energy and 
are already at absolute zero. The remainder 
of the atoms have at least a minute quantity 
of energy. They behave normally in the 
sense that they are able to interact and 
exchange energy as they collide. However, 
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the atoms that are at absolute zero have no 
thermal energy to exchange upon collision. 
Transport properties such as diffusion, heat 
conduction, and viscosity are therefore ab- 
normal as compared with corresponding 
behavior of normal liquids. 


SUPERCONDUCTIVITY 


Low-temperature research with super- 
fluid helium and other substances has led to 
the discovery of some amazing phenomena 
in addition to those already mentioned. For 
a number of metals, at temperatures a few 
degrees above absolute zero, the electrical 
resistance disappears abruptly and com- 
pletely. 

This very remarkable phenomenon 
—known as superconductivity—was first 
observed for mercury at approximately the 
boiling point of liquid helium by Kamer- 
lingh-Onnes in 1911. It has since been dis- 
covered that a large number of metals 
behave in a similar way at temperatures 
ranging between 0.5° and 18.0° Kelvin, It 
is, of course, a matter of some interest to 
know whether the resistance is exactly 
zero or only very small. All experiments to 
date indicate the resistance is truly zero, 
For example, in one experiment, a current 
of several hundred amperes was induced in 
a closed lead ring maintained at liquid- 
helium temperature and was shown to be 
still flowing with no measurable diminution 
after a period of two years. 

These dramatic experiments must 
have raised hopes in early cryogenicists of 
being able to build extremely powerful elec- 
tromagnets, transformers, generators, and 
motors which would have an efficiency of 
100 per cent. But such hopes were soon 
dashed by the observation that if a super- 
conductor is exposed to a high magnetic 
field, the electrical resistance returns. Since 
a current in a conductor always generates a 
magnetic field, this means that supercon- 
ductors will only carry a limited current in 
the resistanceless condition. 

When Superconductivity was first dis- 
Covered, it was thought that the phenome- 
non could be completely described by the 
Statement that the electrical resistance is 
zero, Later, however, it was found that this 


CRYOGENICS 


is not a complete description. At the same 
time that the resistance disappears, any 
magnetic field which is present is expelled 
from the body. Hence, a superconductor is 
not only a perfect electrical conductor, but 
also a perfect magnetic s The fact is 
that persistent electrical dy currents 
occur spontaneously on the surface of the 
superconducting body. These currents ex- 
actly cancel any magnetic field initially 
present in the interior. 

Another way of describing a supercon- 
ductor is to say that it is perfectly diamag- 
netic. A substance is said to be diamagnetic 
when magnetic lines of force cannot pene- 


trate it as easily as they could penetrate a 
vacuum, For this reason it is repelled from 
a magnet. 

Thus, for example, a small bar magnet 
will hover above the bottom of a shallow 
lead dish at liquid-helium temperature and 
Bernd T. Matthias, a pioneer in the development of 
many superconducting materials. 

Bell Labs 


will skate around in the dish with no mea- 
surable friction. A lead ball at such tem- 
peratures can be kept above a magnetic 
field in a completely frictionless condition, 
becoming a theoretically perfect gyro- 
scope. It will turn over once every twenty- 
four hours because of the rotation of the 
earth to which the frictionless support sys- 
tem is attached. 

Further research has led to the discov- 
ery that certain alloys become supercon- 
ductive at abnormally high temperatures. 
For example, Nb,Sn, a niobium-tin alloy, is 
superconductive at 18° Kelvin. When 
cooled to liquid-helium temperature, this 
alloy retains its superconductivity amaz- 
ingly well. Powerful electromagnets made 
of Nb;Sn will not consume any electric 
power. They show great promise for use as 
research tools and for thermonuclear fusion 
reactors. 


Tantalum disul 
ductor that can 
cally speaking—t 
Micrograph of € 


a newly developed supercon- 
at relatively high—cryogeni- 
peratures. Here is an electron 
emely thin layers of tantalum 


disulfide separated by a layer of pyridine. 


APPLICATIONS 


Superconductivity is such a remark- 
able phenomenon that. it would be very 
strange if there were no practical applica- 
tions for it—and indeed there are. 

In electronics. A great deal of progress 
has been made in the direction of develop- 
ing miniaturized, high-speed computing 
machines using millions of superconductive 
switches consisting of thin evaporated 
metal films. The “on” or “off” condition of 
each switch is determined by the absence 
or presence of a small electrical current in a 
neighboring “control” conductor. This 
elaborate switching network may be com- 
pared to the nerve cells of the brain, which 
are also miniaturized switches. The memo- 
ry of a superconductive computer consists 
of tiny circuits, called current loops, which 
persist indefinitely unless modified by a 
current pulse directed to an appropriate 
control conductor. Superconductive 
switches and memory cells for computer 
applications are called cryotrons. 

The solid-state maser, a detector and 
amplifier of microwaves, requires refriger- 
ation to within a few degrees of absolute 
zero in order to function properly. The pur- 
pose of cooling in this case is to reduce the 
atoms to their lowest energy states in order 
that the entire population of atoms can be 
caused to make suitable jumps from one 
energy level to another in response to radia- 
tion of the right frequency. At higher tem- 
peratures the atoms have a high degree of 
thermal excitation and cannot all be or- 
dered into a single state so that they will 
act in unison. 

Cooling is important in many other 
electronic devices in order to suppress the 
“noise” which is naturally present as a 
consequence of the chaotic motion caused 
by higher temperatures. 

In laser fusion. Cryogenics has played a 
vital part in the development of the laser 
fusion process, which is likely to be a major 
energy-producing process in the future. 
Frozen pellets of isotopes of hydrogen— 
deuterium and tritium—are the fuel for 
laser fusion. These pellets are raised by 
lasers to temperatures where fusion oc- 
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CERN 
Bubble chambers are important research tools in 
high-energy physics. The bubble chamber shown 
above uses liquid helium, which has been super- 
cooled to 3.5° Kelvin. 


curs—that is, where the hydrogen atoms 
combine, with the release of relatively vast 
quantities of energy. 

In medicine and surgery. Supercold tem- 
peratures are also being used in medicine. 
Low temperatures—around 170° Kel- 
vin—have been used in surgical proce- 
dures, including the destruction of tumors, 
the treatment of certain neurological dis- 
orders, and the reattachment of retinas. 
This branch of medicine is called 
cryosurgery. 

In biological research. Research is also 
underway on methods for deep-freezing tis- 
sues and organs for transplant at a later 
time. The application of temperatures ap- 
proaching absolute zero to biological sys- 
tems has been tried, and some lower or- 
ganisms have survived these extremely low 
temperatures, 

Such cryobiological research is giving 
researchers a good idea of the low temper- 
ature extremes that organisms can endure. 
Such knowledge is important in studies of 
the possibility of extraterrestrial life, or life 
outside the earth. Some of the conditions 
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i ttle, Inc 
) in the pho- 
tic field in a 
bath of liquid helium. It can remain floating in this 
way indefinitely. 


The superconductive lead sphere sh 
tograph above is supported by a ma 


on other planets, here in our solar system 
and beyond, can be mirrored in the 
cryogenic laboratory. 

THE FUTURE 


Other practical uses for extremely low 
temperatures will undoubtedly be found 
when we develop a simple, reliable refriger- 
ator that will keep temperatures at the 
cryogenic range for long periods of time 
with no more attention than is required by 
an ordinary household refrigerator. Fortu- 
nately, this day is not far away. Certain 
machines, already in operation, maintain a 
temperature of 4° Kelvin for cone 
periods of approximately one month, an 
are no larger than a window air-conditiong 
unit. 

But what about lower temperaturi 
and when does it become impossible to coo! 
further? Already researchers have 
achieved a low temperature of within 
twenty millionths of a degree of absolute 
zero. There is no end to the possibilities for 
further cooling, even though it may never 
be possible actually to reach absolute zero. 


HOLOGRAPHY 


An exciting development in optics is 
the technique known as holography. The 
name comes from two Greek roots meaning 
“a complete record,” and it is very appropri- 
ate. Holography not only records the image 
of a given object in three dimensions, but 
the image is also in full color and it is ex- 
traordinarily faithful to the original. Basi- 
cally, holography is a form of photography, 
in that it produces a permanent record of an 
object on a photographic plate. However, it 
differs in important respects from conven- 
tional photography. 

To understand what holography is, it is 
necessary to think of light as a succession 
of waves, moving through space at the 
speed of about 300,000 kilometers per sec- 
ond. Ordinary white light is made up of dif- 
ferent frequencies, the frequencies corre- 
sponding to different colors. The waves of 
different frequencies are not in phase (in 
step, we might say), and they tend to inter- 
fere with one another in random fashion. 


HOW IT IS DONE 


In holography, the interference be- 
tween waves is controlled and utilized in 
such a way as to record a permanent image 
of a given object. In the apparatus used 
Most often today, the light that records the 
Object is provided by a laser beam. The 
light of a laser beam is monochroma- 
tic—that is, it is made up of light waves fall- 
ing within a very narrow range of frequen- 
čes and moving in step with one another. 
The beam of light produced in this way is 
Said to be coherent. It is used in holography 
not to do away with interference but to con- 
trol it, 

__.A photographic plate, generally con- 
ae of a glass slide coated with a pho- 
graphic emulsion, is used. The laser beam 
oy nor pass through a lens before striking 
ay ee plate. It is split into two 
ia eam No. | is directed at the object 
refl e image is to be recorded and is then 

ected from the object to the pho- 


TRW Systems, Redondo Beach. CA 


Photo of a reconstruction of the hologram of Dona- 
tello's St. John the Baptist. Holograms revealed invisi- 
ble cracks in the statue. 


tographic plate. Beam No. 2, called the ref- 
erence beam, is focused directly on the 
plate. As beam No. | is reflected from the 
object to the plate, it gets out of step with 
the reference beam. Changes in intensity 
also take place. When the two beams meet 
in the emulsion of the photographic plate. 
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both photos, Bell Telephone Laboratories 
Left; making a hologram of the objects in the foreground. R 
hologram. It contains the information required to reconstruc 


image as one shines a laser or intense white light on the hol 


they interfere with one another. The inter- 
ference effects are recorded in the silver 
Particles of the emulsion as a definite pat- 
tern of spacing and density. This record is 
called a hologram. It corresponds to the 
negative in conventional photography, but 
Presents no recognizable image. 


VIEWING THE HOLOGRAM 


THREE DIMENSIONS 


A The first hologram to give three-dimen- 
sional images was developed in 1962 by 
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urface of the 
dimensional 
Emmet Leith and Juris l p ks, two sci- 
entists then at the Univer f Michigan. 


lmination of 
tter of fact, 


This development was th 
many years of research. As 


two-dimensional images had been produced 
by light interference patterns as early as 
1891 by Gabriel Lippmann rench pho- 
tographer. He received the Nobel Prize in 
Physics in 1908 for this ac ement. The 
idea of a three-dimension: nage to be 


produced by interference w: sroposed by 
Denis Gabor at the Imperial College of Sci- 


ence and Technology at London in 1947. 
Gabor tried to utilize the wave pattern of 
electrons in forming electron interference 


Patterns. But the beam of electrons em- 
Ployed by Gabor did not have the neces- 
Sary coherence. It was not until the laser 
became available that the first three- 
dimensional image was produced. 

Holograms have been both produced 
and viewed by means of ordinary light. An 
extremely complicated type of apparatus is 
required for this procedure and the images 
Produced thus far have been disappointing. 
They are dim and the color values are dis- 
torted. 

A beginning has been made in produc- 
ing an animated hologram—a very prim 
tive sort of three-dimensional movie in full 
color. In this development, several images 
are produced on a single photographic plate 


by rotating the plate slightly for each image. 


The different images are then viewed in 
rapid succession as the plate is rotated ina 
beam of ordinary light. 

USES 


Three-dimensional holography is still 
under develc nt, but already it has had 
various applications and many others have 
been suggested. It has been successfully 
applied in interferometry, which is con- 
cerned with the analysis of various proper- 
ties of liquids, solids, or gases by means of 
interference phenomena. When holography 


is used in terferometry, measurements 
can be made that would be quite impossible 
by any other method. The technique of 
holography combined with interferometry 
can be applied to the analysis of explosions, 
erosion, plasmas, and stresses in materials. 


Since a hologram can be produced in 
less than 1/1,000,000 of a second in a laser 
beam, it can be used to study various ef- 


Photographs of a hologram 
reconstruction. The scene 
Changes as it is viewed from 
different angles 


Left: one of the world's largest 
hologram reconstructions— 
an iguana in a tropical jungle. 
Right: for comparison, part of 
the original scene used to 
construct the hologram. 


fects that take place too rapidly to be re- 
corded by any other method of observation. 
Furthermore, the holographic image can be 
reconstructed at will, thus enabling a re- 
searcher to examine the image at his lei- 
sure. Holograms can also be recorded 
through a microscope. 

There are various intriguing possibili- 
ties for the future use of holography. It may 
provide computer memories in which infor- 
mation is stored in the form of light pat- 
terns. It may make possible three-dimen- 
sional paintings that may represent an en- 
tirely new art form. It may provide thrill- 
ingly realistic three-dimensional movies 
and perhaps even television pictures in the 
home. As we pointed out, animated holo- 
grams have already been produced, though 
on a very limited scale. Will we be able 
some day to watch movies or television 
spectacles providing the illusion of motion 
and life in a way that has never yet been 
achieved? 


Bell Telephone Laboratories 
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LASERS 


Two example >of lasers for 
enterta er tterns of color 
and swirling xplode at a 
im shc sers at Stu- 
in New are fun, but 


could be da 


Courtesy Laser Images, Inc 


The specifications for the craft’s guid- 
ance system had been set down and ap- 
proved. Now they were in the hands of a 
technician. As she studied the diagrams, 
the technician noted that the wires for some 
of the circuits would have to be exceedingly 
thin. A new die was needed to draw out 
wire that fine, 

She selected a diamond from the ones 
in front of her, and Placed it ona stand, She 
then took her place behind the laser and 
made the necessary alignments. A final 
check, then she hit the switch. A few 
moments later, the hardest known sub- 
stance had a hole through its middle. The 
die was ready. A Prophesy for future tech- 
nology? Not really. Lasers are used every 
day in many industrial applications, 


THE FOUNDATION 


Laser is not really a word. It is an acro- 
nym from Light Amplification by 
Stimulated Emission of Radiation. The 
laser has been around since 1960, but the 
idea of the laser has been around since 
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istein pro- 


` at year, Alber i 
1917. In that year, / BAE 


posed the mechanism of s 


sion—the principle of the | 5 action. i 

Stimulated emission is anatong 
spontaneous emission, a cess thal 
occurs in atoms. When electrons occupy 


the lowest energy levels available to them 
in the atom, the atom is said to be in Ha 
ground, or unexcited, state. If energy I 
applied to the system, some electrons pes 
be knocked into higher energy states. The 
atom is now in an excited state. The atom 
is not in a stable configuration at this pon 
As the electron drops back into groun 
state, a photon is released. A photon E 
tiny particle of light. This photon cou 
then interact with another excited ere 
causing that atom to de-excite itsel a 
releasing yet another photon. This ag 
would be identical in frequency to ba 
triggering photon. The triggering epee 
also unchanged by the collision and ae 
traveling. As de-excitation occurs, phe is 
are released in a random fashion. That 1$, 
light is emitted in all directions. 


Lawrence Livermore Laboratory Adam Scull/Black Star 


In this experimental ch amber 
alaser beam is u 
Particles of urani 
Used as a fuel in nuc 
tors. 3 


excite 
ich is 


ar reac- 
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Stimulated emission is like spontane- 
ous emission, but stimulated emission can 
cause an amplification, or increase, in the 
number of photons traveling in a particular 
direction. The direction can be established 
by the use of mirrors. 

For a noticeable increase of light to 
occur, there must be more atoms in an ex- 
cited state than in the ground state. This 
condition is called a population inversion. 
It is not a normal condition; under normal 
conditions, more atoms are in the ground 
state than an excited state. 


LASING ACTION 


There are prerequisites for lasing ac- 
tion, or the action of a laser. You must have 
three things: 1) a suitable lasing medium; 2) 
an energy source, or pump; and 3) an op- 
tical cavity, which controls the direction of 
the laser beam. 

Lasing mediums. There are three kinds 
of lasing mediums: solid-state, liquid, and 
gas. Solid-state lasers contain lasing mate- 
rial in a solid matrix. An example of this 


type is the ruby laser. The 
introducing a precise amot 
into crystalline aluminum 
that is produced by this lase 
color. 

Gas lasers are gas ir 
There are several gas lase 
are the He-Ne, or heliuy 
which has a wavelength in 
the spectrum; CO,, or carbo 
which has a wavelength in t 
or argon, laser with a blue 
krypton, laser with a gree: 
H,0, or water, vapor laser t 
the infrared. 

Liquid lasers use cx 
dyes as their lasting mediun 
are very tunable. That is 
your dye to give the desir 
for the work being done. 

Pumps. In order to inve 
of atoms—to make more ato 
is necessary to put energy ir 
Pumps put this energy into th: 


tical pumps provide the energ) 


State and liquid lasers. Thes 


Lawrence 


y is made by 


chromium 


le. The light 


deep red in 


glass tube. 
1 use. They 
eon, laser, 
ed part of 
»xide, laser, 


nfrared; Ar, 


or; Kr, or 
lor; and a 
)perates in 


x organic 
hese lasers 
can select 
vavelength 


ı population 


»xcited—it 
he system. 


system. Op- 


for solid- 
jumps are 
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Ordinary, or i t, light is an ex- Pii 
ample of the ous emission of 
photons (tiny p of light) in all di- 
rections. Stin emission (right) 
occurs in lase which is coherent 
light—a conce umber of pho- $ 
tons traveling ame direction ORDINARY LIGHT LASER LIGHT d 
(incoherent) (coherent) Ws 
j > W 
just bright li vat is focused on the lasing APPLICATIONS 
medium, Z n conversion pumps are 
used for asers. These pumps are By subjecting lasing materials to 
nothing but electric discharge sent various types of energy—electrical, mag- 
through a gas tube. netic, sonic—scientists have been able to 
Optical The optical cavity is used change the laser output to suit various , 
to control t rection of beam propaga- applications. £ 
tion. The c itself is simply the space Industrial applications. The laser has i 
formed by two reflective surfaces (mirrors shown itself to be a very versatile tool in in- 
and the like) ing each other. The lasing dustry. It is being developed for com- 


material is plac 


d within the optical cavity 
of the laser 


Two views of the world's most 
powerful laser system, lo- 
cated at the University of Cali- 
fornia Left: six laser amplifier 
Chains direct 30 trillion watts 
Of optical power toward a tiny 
target located in a target 
chamber. Right: the target, 
Containing nuclear fuel, is 
Mounted on a needle-like po- 


Sitioner in the cent 
er of the 
chamber, 


munications. Because it operates at a high 
frequency, it can carry more information 


Lawrence Livermore Laboratory 
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than conventional wires. A laser can carry 
several hundred thousand telephone calls 
or thousands of television programs at the 
same time. Effective transmission of laser 
signals over long distances using fiber op- 
tics has already been developed. 

Tracking and ranging systems using 
lasers have been developed. The operation 
of these systems is similar to that of radar, 
but light signals are used in place of radio 
signals. A beam of light is directed at an ob- 
ject. The time it takes for the light to hit the 
target, bounce off, and return can be used to 
determine the distance to the object. In 
seismology the laser can be used to detect 
small movements of the earth and thus pos- 
sibly help in earthquake prediction. 

The laser is also used with industrial 
machinery. It can help in aligning heavy 
construction equipment and, with a device 
called an interferometer, can control the 
operations of industrial machinery. 

At the beginning of this article, the cut- 
ting power of the laser was briefly men- 
tioned. Lasers are used in industry for 
many cutting and welding operations—es- 
pecially where small components are in- 
volved. Laser beams are used to weld wires 
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i f a ruby laser. An electric flash lamp, coiled around a 
reaot rates the energy level of atoms in the ruby. They later 
drop back to lower energy levels and give off a red light, which is 
reflected between the mirrors, stimulating other high-energy atoms 
to drop to lower levels, emitting more red light. Soon the beam, 
strengthened, passes out of the semitransparent mirror. 
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on microcircuits, and they can be used to 
repair damaged wires that are located in- 
side a glass tube. 

fa are also used in high-speed 
printing. Their use in three-dimensictg! 
photography is discussed | in the pes 
“Holography.”’ Laser use in digital soun 
recording is covered in **Stereophonic Sys- 
tems,” and in video recording in ` Video 
Cassettes and Videodiscs.”” An inona: 
ingly important use in experimental nuc e 
fusion devices is discussed in the article 
“Fusion and Energy” in Volume 2. E 

Biological Applications. The use of : 
laser in biological research and ppc z 
expanding. Lasers have been uea E 
various surgical operations. In ophthal m 
surgery, laser use has been very success 4 

The retina of the eye is subject to i 
tachment due to various illnesses m 
trauma. The laser can be used to sport 
the detached retina back on to the choro 
at the back of the eye. 

Cosmetic ey has also adopted m 
laser as a tool. An example of this ie 
lasers is their application in the treatm i 
of angiomas. Angiomas, or porie d 
Stains, are a proliferation of blood 


lymph vessels lying very near the surface 


of the skin. I treatment of these spots 
causes them t iten as they heal. 

Lasers have been used to treat skin 
cancer on an € imental basis. The laser 
beam can be } inted on cancer cells and 
destroy the cel here are some problems 
with this tre t, however,. For one 
thing, the lase ict can push some live 
cancer cells d into the body, thereby 
spreading the 

There are ) possibilities for the 
utilization of t r in neurosurgery and 
dentistry in the e 
Ascientistworks j laser that is pumped with 
nitrogen dye to juid molecules into their 
component gase 

Lawrence Berkeley Laboratory 
Lasers are used al arch to identify and separate chromosomes, the 
carriers of geneti r s. This technique allows scientists to study better 
the link betwee aterial and the causes of disease. 
Lawrence Livermore Laboratory 
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X RAYS 


by Helen Merrick 


Within recent years the walls that 
rigidly separated physics and chemistry 
have been crumbling away. Prophetic of 
this trend, one of the first steps toward the 
discovery of X rays was taken by a British 
scientist who was both a chemist and a 
scientist, Sir William Crookes, in the late 
nineteenth century. 

Crookes was interested in the effects 
of electrical discharges through gases at 
low pressure. To help him in his experi- 
ments he invented a device that became 
known as the Crookes tube. It was a tube 
from which most of the air had been 
pumped. This created a partial vacuum. 
Some air had to remain in the tube if it were 
to work. Metal wires were sealed into op- 
posite ends of the tube. These wires served 
as electrodes to which a source of electric 
current could be attached. The current 
could then be sent through the air remain- 
ing in the device. 

One day, after Crookes had been send- 
ing a high-voltage current through his tube, 
he discovered that photographic plates in a 
closed box nearby had become fogged. He 
had also observed a mysterious green glow 
in the tube. Crookes prevented further fog- 
ging by removing photographic plates to 
another room whenever the current was 
flowing. The strange phenomenon does not 
seem to have aroused his curiosity. 


ROENTGEN'S DISCOVERY 


Our story skips a few years, to the au- 
tumn of 1895, Wilhelm Konrad Roentgen, a 
German physicist, was puttering with a 
Crookes tube in his laboratory at the Uni- 
versity of Würzburg. Turning ona high-vol- 
tage current, he noticed the effects that had 
already attracted the attention of Crookes: 
the green glow; the fogging of photographic 
plates. Roentgen was not satisfied to let it 
go at that. He tried covering the tube with 
black paper, through which no visible light 
could pass, and still something came 
through that affected a photographic plate. 
He came to the conclusion that this some- 
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University of Urah Medical om 
X-ray techniques have become more saphita 
since the first X-ray photographs were taken. Top: . 
skull X ray used to check the position of a device 
implanted between the halves of the brain potop 
an early X-ray photograph taken by Roentgen himsel 
in the late 19th century. The opaque bands are ring 


thing must be invisible rays, and he called 
them X rays because “X” stands for the un- 
known in science. X rays are also calle 
roentgen rays for their discoverer. 

The story goes that Roentgen, by 4 
lucky accident, also discovered one of the 


properties of X rays. While he was experi- 
menting with the Crookes tube, some pho- 
tographic plates in a desk drawer had been 


fogged. Instead 


plates away, h 
plate he was amazed to see the perfect 


image of a key ear, yet no key had been 
in the drawer. Then he remembered that a 
key had been « ie top of the desk. The 
key had been graphed right through 
the desk by t rays. Roentgen also 
found that the r would pass through his 
hand when he inserted it between the tube 
and a plate. In the developed photograph, 
however, the b ; stood out clearly as 
dark shadows as compared with the flesh. 
This indicated that the bones, more dense 
than the flesh, must block the rays to some 
extent and, therefore, that the rays pass 
more easily thr ì less dense materials. 
The green that Crookes and 
Roentgen saw \ light waves being sent 
out by the glass \ ; of the tube when elec- 
trons bounced against them, as the result of 
the discharge of electricity through the gas 
remaining in the tube. (Electrons are atomic 
Particles that ce a negative charge of 
electricity; ordi electric current is real- 
ly a flow of electrons.) At the same time, 
the electrons wer: timulating the atoms of 
the glass to send out waves of extremely 
short wavelength —the X rays. Since then, 
Physicists have ned that X rays are 
Produced when electrons strike any atoms 
at high speed and, conversely, that when X 
"ays strike atoms, electrons are hurled out. 


X RAYS AND ORDINARY LIGHT 


__,It was finally proved that X rays are 
ae to those of ordinary light, though 
ey differ in wavelength. This is how it was 

Proved: 
ia i the time of Sir Isaac Newton, it 
a ee known that visible white light 
that ae of a number of different colors, and 
oe a light may be broken into bands of 
iene an Since each color has a dif- 
icin avelength. Red, at one end of the 
Ist, at ras has the longest wavelength; vio- 
White i Other end, the shortest. When 
color ght passes through a prism, each 
Is bent according to its wavelength, 


red the least and violet the most, and we get 
the rainbow array of the visible spectrum. 
Diffraction is a term used for the prop- 
erty which waves possess of spreading out 
and interfering with one another when they 
meet a slit, a hole, or an opaque object of al- 
most the same size as the wavelength. One 
kind of diffraction grating consists of a sys- 
tem of lines drqwn very close together on a 
glass plate. The lines are parallel and 
equally spaced and there are hundreds of 
them to the centimeter. The spectrum ob- 
tained from such a grating is an interference 
phenomenon. The waves reinforce one 
another when their crests, or high points, 
come together at any point, and cancel each 
other out when a crest meets a trough, or 
low point. The result is a system of bands of 
light and dark, visible on a screen placed 
behind the grating. 
Mammography is a specialized X-ray technique that 


uses low-intensity radiation. It is able to detect breast 
abnormalities—even in their earliest stages. 


American Cancer Society 
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DETERMINING THE NATURE OF X RAYS 


A German physicist, Max von Laue, 
was familiar with the diffraction grating. In 
1912, he had the idea that a crystal, such as 
diamond or rock salt, might separate X rays 
into beams of different wavelengths. This, 
of course, would prove that they do behave 
like light waves. A crystal came to mind 
because by this time physicists suspected 
(and later proved) that a crystal is a con- 
glomeration of atoms arranged in a per- 
fectly regular plan at very short distances 
from each other. It seemed to Von Laue 
that such an arrangement might act as a nat- 
ural diffraction grating, with openings be- 
tween the atoms small enough to diffract X 
rays if they really do have shorter wave- 
lengths than those of visible light. 

Von Laue’s reasoning was sound. 
When a narrow beam of X rays was sent 
through a crystal, dark spots appeared on a 
photographic plate behind the crystal. It 
was found that the position of these spots 
depended on the different wavelengths in 
the X-ray beam and also on the arrange- 
ments of the atoms in the crystal. 

Sir William H. Bragg, a British physi- 
cist, and his son, Sir William L. Bragg, 
carried Von Laue’s work still further, and 
soon obtained clear, sharp spectrum lines 
with X rays. The Braggs discovered what is 
called the law of crystal diffraction. Using 
this law, a scientist who knows the wave- 
length of the X rays can find out how the 
atoms are spaced in the crystal. The pro- 
cess can be reversed. If the scientist begins 
with knowledge of how the atoms are ar- 


ranged, he or she can then work out the 
wavelength of the X rays. 

To describe all the experiments, 
theories, and calculations that were in- 
volved in this work would fill volumes, 
Summing up, they not only furnished the 
key to the nature of the X rays but also to 
the structure of crystals. 


A TYPE OF ELECTROMAGNETIC RADIATION 


We know now that X rays are a part of 
the electromagnetic spectrum. They are 
related to radio waves, infrared rays, visible 
light waves, ultraviolet and gamma rays, 
and rays that accompany cosmic radiation. 
X rays belong in wavelength between ultra- 
violet and gamma rays. Gamma rays are 
given off by radium and other radioactive 
elements. All electromagnetic waves travel 
through space at the same speed—about 
300,000 kilometers per second. 

Wavelengths of the electromagnetic 
spectrum are expressed in terms of the ang- 
Strom unit. This unit is named for the 19th 
century Swedish physicist Anders Jonas 
Ångström. One angstrom is 1/ 100,000,000 
(0.00000001) of a centimeter. A scientist 
expresses this value as | A = 10° centime- 
ters. The symbol A stands for wavelength 
expressed in terms of angstroms. Thus 
45,890 means “wavelength of 5,890 A.” 

Visible light has wavelengths ranging 
from about 4.000 A to somewhat more 
than 7,000 A. The wavelengths of X rays 
go from about 1,000 A to 0.1 A, overlap- 
ping other wave groups. 

An important point to remember here 
is that the shorter the wavelength, the 


New York Hospital—Cornell Medical Center 


A new X-ray device—the EMI 
scanner—allows doctors for 
the first time to see the brain 
in cross section without ex 
posing the patient to the risks 
involved in the use of some 
other X-ray techniques: 
Shown here is a demon: 
stration of the use of the com 
puter-aided X-ray device. 


greater the ener 
greater the ener, 


rgy of the ray. And the 
y, the more penetrating the 


aorta 
rbowel | 


-pancreas 


stomach r gall bladder 


spleen- 


ray will be. For this reason, X rays and the 
tubes that produce them can be classified as 
“hard” or * ` Hard rays have shorter 
wavelengths n soft rays and hence are 
more penetra 

THE X-RAY TUBE 


A descendant of the simple Crookes 
tube with which our story began, the mod- 
ern X-ray tube, works on the same princi- 
ples. It consists of a bulb containing as 
nearly perfect cuum as possible and fit- 


ted with elec les to which high voltage 
can be applic he negative electrode is 
called the cat > It is usually a filament 


wound into a spiral. The 

the anode, is called the 
le of some heavy metal, 
and is welded to a copper 
velps conduct away the 
generated. To prolong the 


of tungsten wi 
positive electro 
target. It is 

such as tungst 
support, whic 
tremendous he 


ife of the tar many present-day tubes 
are fitted with rotating anodes, When an 
electric current of high voltage is turned on, 
he cathode i ited white-hot and sends 
out a stream of electrons, or cathode rays, 
Which are pulled through the vacuum by the 
igh voltage il they reach speeds of 
thousands of kilometers per second. They 
slam against the atoms of the target and, as 
they strike, a spurt of X rays splashes out 
from the disturbed material of the target. 
To explain where the X rays come 
from, we must go inside the atom. Whirling 


around the atom’s nucleus, or core, are one 
or more electrons, each in a definite orbit. If 
an electron is forced to jump out ofits shell, 
Some kind of ray is emitted. Visible light is 
Sent out when an electron is displaced from 
an outer shell. If the disturbance is much 
ce Violent, an electron in an inner shell, 
lodse to the nucleus, is likely to be dis- 
ged and removed from the atom entirely. 
E cannot remain in this unbalanced 
shell ju © an electron from the next outer 
ond sh ie into the vacant place. The sec- 
h 18 soon filled by an outer electron 
na sin, and so on. Balance is restored 
ities © atom picks up a free electron 
© are always some free electrons drift- 


skin/ kidney’ ‘muscle - spine ` kidney -fat 


Ohio-Nuclear Inc 
The EMI scanner on the opposing page is an ex- 
ample of computerized axial tomography, or CAT. A 
Pinpoint X-ray beam provides a three-dimensional 
view of the body. Here is a CAT-produced cross sec- 
tion of the human abdomen. 


ing around in a metal) for its outermost 
shell. X rays are the result of inner-shell 
disturbance. 


PROPERTIES OF X RAYS 


As we have indicated, it requires more 
energy to displace the electrons close to the 
nucleus than it does to displace any others 
in the atom. The higher the voltage in an 
X-ray tube, the faster the cathode rays will 
be pulled through it, increasing their en- 
ergy. As a result the wavelengths of the X 
rays given off from the target will be 
shorter, approaching the wavelengths of 
gamma rays, and the X rays will be more 
penetrating. In giant X-ray tubes, built to 
stand millions of volts, the cathode rays 
may reach almost the speed of light— 
about 300,000 kilometers per second—and 
X rays are produced that will easily go 
through a meter or more of concrete. 

As we have seen, one of the first 
properties of X rays to be noticed was their 
ability to penetrate solid substances such as 
wood, flesh, and metal. However, X rays 
cannot be focused, or brought to a point, 
easily, as visible light-waves can. One rea- 
son for this is that an X-ray beam of the 
same wavelength does not penetrate all 
substances equally well. We mentioned ear- 
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General Electric 


Courtesy of Radiography Inspection, Inc 
X rays are widely used in industry to discover flaws 
in materials. Top: shadow picture of Part of an 
airplane crankcase, showing the position of the studs 
(white objects). Bottom: a portable X-ray machine is 
used to inspect the welded seams on a pipeline 
before it is buried in the ground 


lier that the depth of penetration depends 
partly on the density of the substance, Or- 
dinary X rays, produced at 100,000 volts, 
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pass through flesh easily but 
less so. Filters of alumini 

are often used to refine X-1 
softest rays are absorbed e 


\rough bones 
or Of copper 
beams. The 
by air. One 


of the most effective materials to block X 
rays altogether is lead. | ais reason, 
glass containing lead is used on many kinds 
of X-ray equipment to pro those who 
work with it and are endang by X rays, 

Another important prop of X rays 


1e chemicals 
ent screens, 


is that, like light, they act « 
of photographic plates, fluor: 


and so on. This X-ray action together with 
the penetrating property makes it possible 
to take “shadow” pictures ay, the in- 
side of the human body or « netal cast- 
ing. Bombarded with X rays, some chemi- 
cals fluoresce—that is, the w brightly 
as long as X rays strike them. One of the 


best-known uses to which this property has 


been put is in the fluoro jic screen, 

which we shall explain when we take up the 

medical uses of X rays in more detail. 
When a gas, such as the air, is exposed 


to X rays, it becomes ionized—that is, 
some of its atoms or molecules acquire an 
electric charge. The amount of ionization 
produced serves to measure the strength of 
the X rays. 

Still another property of X rays is that 
when they fall on a substance, other rays 
are given off, which also consist largely of 
X rays. This secondary radiation is partly 
like that of the original X rays but is also 
dependent on the kind of substance ex- 
posed. It gives the scientist a tool with 
which to study the structure of matter. 

X rays also have an effect on living 
things. When X rays are absorbed, they 
change the structure of tissues, and these 
will be burned or destroyed if the exposure 
is long enough. Some kinds of X rays are 
also able to affect the genes, the elements 
in the germ cells of reproductive organs by 
which hereditary traits are passed on from 
one generation to the next. In this way he- 
Tedity itself may be changed. 


USE IN ANALYZING MATTER 


Considering the ability of X rays t0 
probe matter and force it to yield its 
secrets, however grudgingly, it is hardly t 


be wondered at that X rays play a promi- 
nent role in scientific research. Practical 
application of new findings frequently fol- 
lows so swiftly in many fields that it is dif- 
ficult to separate the pure research from the 
everyday use 

Perhaps no field has been more re- 
warding to the scientist than the kind of 
analysis called X-ray crystallography, 
which began with the work of Von Laue 
and was developed further by the Braggs. 
The methods used in this field are too 
complicated to discuss within the brief 
limits of this article. To put it as simply as 
possible, when a narrow beam of X rays is 
sent through a crystal, the rays are scat- 
tered by the atoms, and form a balanced 
pattern, which can be caught on a pho- 
tographic plate. Each kind of crystalline 
solid has its own pattern. One result of this 


work is that scientists now have an accu- 
rate knowledge of the character of X rays 
sent out by ) of the chemical elements. 
This knowledge has helped to determine 
the internal structure of the atoms them- 
selves. In fact, in what is called X-ray spec- 
troscopy, the rays reveal information about 
the patterns of the electrons inside the 


atom. 

From this kind of research, it has been 
afairly easy step to investigate the arrange- 
ment of molecules in various chemical sub- 
stances. They may be “fingerprinted” by 
the way in which X rays are scattered in 
Passing through. 

_ A comparatively recent development 
is the branch of science called X-ray ab- 
Sorptometry. Scientists can measure the 
quantity of certain materials in a chemical 
Compound by a device that shows the 
amount of X rays absorbed. The device is 
SO sensitive that it can register the dif- 
ference between 99 and 100 sheets of thin 
Paper. One practical use is to measure the 
amount of “ethyl” in gasoline. X-ray ab- 
fc omety is possible because atoms can 
ae X rays. An atom of oxygen, say, ab- 
in Ta ne same amount of rays whether it is 
in orm of the element or ina compound 
ohana elements. Under the simplest 
k Itions, the amount of absorption is the 

me whether the substance containing the 


oxygen be a solid, liquid, or gas. So the 
amount of energy taken from a beam of X 
Trays passing through a given mass of a sub- 
stance is always the same, whether the sub- 
stance is hot or cold, or a gas, liquid, or 
solid. 

Even art has benefited. X rays can be 
used to analyze the composition of pig- 
ments in oil paintings—to the point where 
sometimes the painter of what appears to 
be an “old master” can be identified. 

The first X-ray microscope was in- 
troduced in 1950. It uses a combination of 
X rays and visible light-waves. Because of 
the penetrating power of X rays, it reveals 
finer detail than is possible with optical mi- 
croscopes. 


THE BETATRON 


In order to increase the penetration of 
X rays, scientists have been building ever 
more powerful machines. A giant among 
them all is the betatron—really an outsized 
X-ray tube. This machine was first invented 
in 1941 by Donald William Kerst, of the 
University of Illinois. He called it the “be- 
tatron,” from beta ray, which is a stream of 
high-speed electrons. 

As you may guess, a betatron is an 
enormously complicated apparatus. Es- 
sentially it consists of a doughnut-shaped 
glass tube, containing a vacuum, that is 
placed between the poles of a powerful 
electromagnet. An electron gun is arranged 
so that it will send a stream of electrons into 
the tube at a certain angle. Inside the tube, 
two forces act on the electrons: one makes 
them follow the curve of the tube, and the 
other gives them higher and higher speeds, 
increasing their energy enormously. At a 
chosen instant, they are bent from their 
curved path and directed to the X-ray 
target. All this happens in the twinkling of 
an eye. Nevertheless during this time the 
electrons circle the tube many thousands of 
times. These operations are repeated over 
and over again. 


X RAYS AND LIVING TISSUE 


In our daily lives, most of us are first 
introduced to X rays in the office of a den- 
tist or a doctor. From what has been said, 
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you can now understand why X-ray pho- 
tography is so helpful in dentistry and medi- 
cine. Cavities, fractured bones, foreign 
matter—all can be detected with X rays. 

At one time, you might have had your 
chest examined with a fluoroscope, which 
makes use of the property of X rays to 
cause certain chemicals to glow. One ad- 
vantage, for some purposes, of the fluoro- 
scope over X-ray photography is that the 
fluoroscope allows a doctor to observe the 
inside of the body in action. 

A fluoroscopic screen consists of a 

piece of cardboard (which X rays can pass 
through easily) coated with certain crystals, 
such as platinobarium cyanide or tungstate 
of calcium, which fluoresce under X rays. 
In an examination, the patient stands or lies 
down between an X-ray machine and a 
fluoroscopic screen, which the doctor can 
place against any part of the body. In some 
cases, such as an examination of the stom- 
ach, the patient usually drinks a liquid first, 
often a compound of barium, which blocks 
X rays. When the current is turned on in the 
X-ray machine, bones and thick organs, or 
organs such as the stomach that are full of 
the barium compound, cast shadows on the 
screen because they are blocking the X 
rays, and the rest of the screen glows. For 
the best results in this process, of course, 
the fluoroscope should be used in a 
blacked-out room, 
_ X-ray photography itself has been 
improved by the development of a method 
for taking pictures in three dimensions. The 
first X-ray pictures were “flat,” showing 
only width and length. Improvements 
added depth, so that the inside of the body 
could be seen in actual Perspective. An- 
other method, invented by a Swedish scien- 
tist, Arne Frantzell, permits pictures of 
veins and other soft tissues such as mus- 
cles, fat, and the skin around bones to be 
taken in great detail. These improvements 
in X ray techniques have greatly improved 
medical diagnoses. 

X rays also have a place in the treat- 
ment of disease, particularly cancer. The 
action of X rays on living cells is mainly a 
destructive one. However, young cells and 
actively growing ones succumb to X-ray 
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action more quickly. Cancerous cells are 
usually young and grow much more rapidly 
than healthy ones, so it is possible to adjust 
the strength of the X rays and limit the ex- 
posure, with the result that only the cancer- 
ous cells are attacked and healthy cells are 
affected very little, or not at all 

Great care is necessary. The 
radiologist, or medical X-ray specialist, 
must be able to control the dosage precise- 
ly, X-ray machines for medical treat- 
ments are complicated affairs, with a 
number of precision measuring devices. 
Tumors on or near the surface of the body 
may be treated with X rays produced at 
100,000 to 200,000 volts, but tumors that 


lie deeper may require rays from tubes of 
higher voltage, running into the millions of 
volts. “Millions of volts” may sound alarm- 
ing, but there is no danger of shock. The 


machines are completely insula nd the 
dangerous part of the equipment is kept 
outside of the treatment room. 


Comparison of X-radiograph and a neutronradio- 
graph, or neutrograph. The radiograph highlights 


the metal structures of the locomotive. The neutro- 
graph shows the nonmetal structures more clearly. 
Neutrons and X rays have different properties. 


General Electric Neutrography Service 


X-RADIOGRAPH 


High-intensity X-rays are pro- 
duced in the betatron. These 
Soviet radiologists are pre- 
paring a patient for radiother- 
apy treatment. 


Many cases of malignant tumors, con- 
sidered hopeless, have even been success- 
fully treated y radiation therapy. There 
were no harmful effects from the treatment 
on the patients. and the tumors that could 
be examined had shrunk. 

Improvements in X-ray-treatment 
techniques are coming fast. An X-ray 
shield, developed by Dr. Hirsch Marks, of 
the New York City Cancer Institute, is one 
example. It permits extremely high-voltage 
X rays to be trained on a tumor without 
damage to healthy cells. Radiation dosage 
is measured in terms of a unit called the 
roentgen—r for short. Without the shield, 
the highest safe dosage is about 200 r in air 
Per treatment, up to a total of 3,300 r over a 
Period of four weeks. With the shield, Dr. 
Marks reported, 1,200 rin aira day may be 
8iven for twenty days of treatment—in all, 
24,000 r, 

Materials such as plant and animal tis- 
Sues take internal pictures of themselves in 
a technique known as radioautography. 
oa tissues are impregnated with sub- 
E a that emit radiation, which is re- 

orded and enlarged on sensitive film. 


X RAYS IN INDUSTRY 


i te industrial applications of X rays 
egion, and we have space to mention 


UPI Photo 
only a few here. X rays are used to examine 
metal coatings, plastics, rubber insulation, 
and so on, whose flaws might not appear on 
the surface. High-pressure boilers and 
pipes, for instance, are X-rayed to be sure 
that there are no weak places that might 
cause explosions. Some machines are large 
enough to take an X ray of an entire au- 
tomobile. Most X-ray machines, however, 
concentrate on smaller areas. 


NEW TECHNIQUES UNDER DEVELOPMENT 


Instantaneous pictures and movies are 
taken with X rays—so-called flash and 
cinematic radiography. An intense burst of 
X rays captures images of fast-moving ob- 
jects on film and shows what is happening 
inside these objects, such as projectiles and 
even human beings. 

For example, neutron radiography 
uses a beam of neutrons rather than X rays 
to produce a “penetrating view” of a given 
object. Substances that are opaque to X 
rays, such as lead and steel, are transparent 
to the neutron beam. On the other hand, the 
neutron beam is stopped by many lighter el- 
ements that are transparent to X rays. Gen- 
erally speaking, the photographs produced 
by neutron radiography (neutrographs, as 
they are called) show much more detail 
than conventional radiographs. 
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RADIOCARBON DATING 


by Willard F. Libby 


Jericho Excavation Fund 


‘American Museum of Natural History 


RADIOCARBON DATING 


All living things, plants and animals 
alike, contain the chemical element carbon. 
Green plants obtain carbon from the car- 
bon dioxide existing in gaseous form in the 
air. They combine this substance with 


water in the presence of sunlight and manu- 
facture food. They become the source of 
carbon for other plants and also for ani- 
mals, which eat plants or plant-c ating ani- 
mals. 

A comparatively insignificant number 
of the carbon atoms existing all living 
things are radioactive; that is, their nuclei 
disintegrate sooner or later, sometimes 
after a long span of time. Radioactive car- 
bon atoms continue to exist in animals and 
plants—and in objects made from them— 
for thousands of years after death has taken 
place. We find radioactive carbon in the 
hard parts, soft parts, and manure of ani- 


mals that died long ago; in peat (derived 
from dead vegetation); in wooden boats and 
platforms; in cotton and linen garments; in 
leather shoes and bags; and in many other 
plant and animal derivatives. 


A MATTER OF ISOTOPES 


Scientists have found a practical appli- 
Cation for the radioactive carbon atoms ex- 
isting in dead organic matter, By carefully 
measuring the radioactivity of samples 
derived from such matter, they have devel- 
oped a method for dating objects that go 
back to ancient and late prehistoric times. 

The radioactive carbon atoms that 
make possible this dating method are iso- 
topes with mass number 14: carbon-14 
atoms. The vast majority of carbon atoms 
are isotopes with mass number 12. 
Carbon-12 atoms are not radioactive. 


Radiocarbon dating method has been applied to date 
the two objects shown above, The skull was not dated 
directly, but charcoal in the layer where the skull 
bones were found was dated at 7,813+160 years. The 
bottom photo shows the frozen remains of a baby 
woolly mammoth dated at 21,300+ 1,300 years 


How is radioactive carbon-14 pro- 
duced? The answer is to be found in the 
upper reaches of the earth’s atmosphere. 
This area, filled with tenuous gases, is con- 
stantly bombarded by cosmic rays—radia- 
tions coming from outer space, probably 
from beyond our galaxy. As the rays strike 
the atmosphere, they disintegrate the nu- 
clei, or cores, of some of the atoms that are 
found there. Among the building blocks 
that make up the nuclei are the particles 
called neutrons. When nuclei are smashed 
by cosmic rays, free neutrons are scattered 
in the air. 

They are very quickly absorbed by the 

nitrogen atoms, with mass number 14, that 
make up about 78 per cent of the atmos- 
phere by volume. When a nitrogen atom ab- 
sorbs a neutron. a proton—a particle witha 
positive charge of electricity—is emitted. 
The atom keeps its mass number, 14, but 
instead of remaining a stable nitrogen atom, 
it becomes an unstable, radioactive carbon 
atom, with mass number 14. 
_ _ Radioactive carbon, or radiocarbon, as 
itis often called, has a half-life of 5,730 
years, By that we mean that if we start with 
100 atoms of radiocarbon, at the end of 
5,730 years we shall have only 50 atoms, or 
half as many. The rest will have decayed. 
In the next period of 5,730 years, one half 
of the remaining 50 atoms—that is, 25 
atoms—will also decay and so on. 

Cosmic rays have been bombarding 


the atmosphere for millions of years, and 
they have been constantly producing new 
supplies of radiocarbon. At the same time 
the radiocarbon atoms that have already 
been formed are steadily disintegrating. It 
is as if water were being pumped into a tank 
with a hole in its bottom. A steady level will 
be reached in the tank when the amount of 
water entering it will be equal to the amount 
of water flowing out of it. By analyzing the 
corresponding “level” of carbon-14 atoms. 
scientists have calculated that there are 
about 50 metric tons of radiocarbon on the 
earth at any given time. In each second 
upon each square centimeter of the earth's 
surface, something like 2.4 disintegrations 
of radiocarbon are taking place—that is, 
2.4 atoms of radiocarbon are decaying. 
This represents a considerable amount of 
radioactivity, and it is surprising that it is 
not noticed ordinarily. The reason for this 
state of affairs is that the radiocarbon that is 
produced in the atmosphere is always 
diluted with a tremendous amount of ordi- 
nary carbon. 


WHERE C-14 GOES 


What happens to the radioactive car- 
bon atoms on the earth’s surface? We know 
that under the appropriate circumstances 
ordinary carbon atoms combine with the 
oxygen atoms in air and burn, forming 
carbon-dioxide molecules, or. if combustion 
is incomplete, carbon-monoxide mole- 


reyel gas proportional counter used extensively in radiocarbon dating. Pure 

the pa ose: derived from a sample of the object that is to be dated, is sent into 

Slice er, which has been appropriately charged. The gas introduced into the 

The Contains both stable carbon (C-12) atoms and radiocarbon (C-14) atoms 
ext describes what happens when a radiocarbon atom disintegrates. 


A. HIGH-VOLTAGE CONNECTOR 
B. CENTER-WIRE CONNECTOR 
C. COUNTER WALL 


D. LUCITE INSULATOR 
E. COPPER SHIELD 


F. TUNGSTEN CENTER WIRE 
G. COUNTING GAS INLET 
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Steps in the radiocarbon dating of a wooden object. 
Near right: after a sample is taken from the object, it is 
burned in an oxygen atmosphere, The gas that is 
formed consists of carbon dioxide plus various “im- 
purities.” Opposite page, left: The impurities are re- 
moved in a vacuum system, and the purified gas is 
stored, Opposite page, right: The carbon dioxide is 
Piped into a counter (the central cylinder in the 
photo), and the disintegrations of radiocarbon atoms 
are recorded. Note the concentric counters that sur- 
round the central cylinder. They will absorb cosmic 
rays; therefore the latter will not affect the central 
counter. 


cules. That is what happens, for example, 
when we set fire to coal, which is made up 
largely of carbon. We take it for granted, 
therefore, that the radiocarbon atoms upon 
the earth will combine sooner or later with 
oxygen atoms and will produce radioactive 
carbon-dioxide molecules plus a certain 
quantity of carbon-monoxide molecules. 

There is a considerable amount of 
nonradioactive carbon dioxide in the air at 
all times. Winds thoroughly mix together 
the radioactive and nonradioactive mole- 
cules of carbon dioxide. Plants assimilate 
small amounts of radioactive carbon diox- 
ide together with large amounts of ordinary 
carbon dioxide. That is why they and the 
animals that feed upon them, directly or in- 
directly, contain radiocarbon. 


MEASURING DECAY 


As long as plants and animals live, they 
keep replenishing their stores of radioactive 
carbon, They can no longer absorb it, how- 
ever, after they die. The radiocarbon atoms 
they contain at the moment of death will 
disintegrate at the rate of 50 per cent every 
5,730 years, and they will not be replaced. 

While the organism is alive, there are 
15.3 disintegrations per minute for every 
gram of carbon that it contains, At 5,730 
years from the time of death, there will be 
7.65 disintegrations (half of 15.3) per- 
minute; 11,460 years from the time of 
death, there will be 3.83 disintegrations 
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so on. At the 
end of 20,000 or 30,000 rs, the disin- 


(half of 7.65) per minute, ar 


tegrations will be so few that it will be ex- 
ceedingly difficult to measure them. By not- 
ing the rate at which the radiocarbon atoms 
in a given sample decay, we can estimate 


the age of the sample—the time that has 


elapsed since death. That is the principle of 
radiocarbon dating. 
MEASURING DEVICES 

In order to measure the rate of disin- 
tegration of radiocarbon atoms, we use a 


special Geiger counter. This instrument IS 
shaped like a cylinder and has a wire eX 
tending down its center. It is filled with gas. 
An electrical potential is maintained be- 
tween the wire and cylinder walls, which 
have been appropriately charged. 5 

As an atom disintegrates, it emits 4 
beta particle. When this particle passes 
through the gas-filled space of the counter 
a tiny spark is produced. At this point, an 
electrical impulse is recorded by electronic 
equipment connected to the Geiger 
counter. The sensitive instrument detects 
every disintegrated particle that passes 
through the gas within it. 

A small sample of the material to be 
dated is taken and chemically purified. Puri- 
fication removes any contamination that 
entered the material after the death of the 
Organism that had supplied this material. 
Otherwise the dating will be inaccurate. 


The samp then burned into carbon- 
dioxide ga hich contains the original 
carbon- 14 gas, also purified, is led into 
the counter, which records the carbon-14, 

Unfortunately the radiocarbon in the 
sample is not the only source of radiation 
that affect Geiger counter. Even be- 
fore the radioactive sample has been placed 
in it, the instrument records some 2,600 
counts a minute. These have been pro- 
duced by external radiation, derived from 


such sources as uranium and thorium de- 
Posits and cosmic rays. 

The radiations from uranium and 
thorium deposits and their disintegration 
Products can be effectively absorbed if one 
Places 15 to 20 centimeters of iron around 
the Geiger counter. But cosmic rays, an im- 
Portant source of external radiation, are so 
Penetrating that they cannot be warded off 
by a shield of iron. Hence, instead of try- 
Ing to shield the Geiger counter from these 
rays, we must “erase” them from the record. 

ithin the external iron shield, we place a 
Set of Geiger counters, in close contact, 
a ei the central counter that contains the 
Po arban sample. The outside counters 
P en connected electronically so that 
ns a cosmic radiation passes through 
oir em, the central counter is turned 

ora fraction of a second. 
ean ety the iron shield and the con- 
ints eiger counters, the 2,600 counts 
minute produced by external radiation 
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can be reduced to 15 or 16 per minute. The 
sample can then be analyzed. 


DATING A SAMPLE 


By measuring a given sample for about 
twenty-four hours, it is possible to deter- 
mine its age, with a certain margin allowed 
for error. The symbol + (plus or minus) is 
used to indicate this margin. For example, 
if the age of a given sample is given as 
11,044 + 500 years, the age-range will be 
from 10,544 to 11,544 years. 

The sample to be dated may be a piece 
of wood, charcoal, or peat, or it may be a 
fragment of cloth or a shell. The sample 
should contain at least 10 grams of pure 
carbon. The average radiocarbondated 
sample weighs about 30 grams. 

Radiocarbon dating is especially useful 
for material whose age can be checked 
against historical records. Close agreement 
often occurs between the two dating 
methods. But for prehistoric artifacts, 
some other way must be found to calibrate 
radiocarbon dating. 


OTHER METHODS OF DATING 


Other methods of dating prehistoric 
materials have been developed, and refine- 
ments are continually being made. 


DENDROCHRONOLOGY 


One that offers considerable help is 
dendrochronology, or tree-ring dating. 


RADIOCARBON DATING 


353 


354 


This gives the ages, in years, of ancient 
trees and logs, especially those used in 
prehistoric constructions. Trees in temper- 
ate climates grow by adding a ring of wood 
to the trunk each year. By studying the 
growth rings of trees and logs in a given 
region, archaeologists can derive a system 
of dating for them. 

From comparisons of radiocarbon dat- 
ing with the dendrochronology of certain 
trees, it has become evident that correc- 
tions of a few hundred years must be made 
in radiocarbon dates from about 5500 B.c. 
to 1500 B.c. This error in radiocarbon chro- 
nology may be caused by past variations in 
the intensity of cosmic rays coming to 
earth. 


USE OF OTHER RADIOACTIVE ELEMENTS 


Isotopes other than carbon-14 are now 
also used to date objects. The principles 
used to calculate the date are basically the 
same as those of radiocarbon dating. 
Among the radioisotopes used for dating 
are uranium, potassium-40, rubidium-87, 
and samarium-147. 


EGYPT 


Wood from the deck of the great funerary ship from 
the tomb of King Sesostris Ill. Known age: 3,750 
years. This remarkable boat is now in the Chicago 
Museum of Natural History. It is about 3.5 meters 
long and has a beam of about 2 meters. The sample 
was obtained by sawing a hole in the deck. 

3,621 + 180 


Funerary ship from the tomb of King Sesostris III. 


Uranium decays to form lead. Many 
minerals contain uranium, lead, and other 
elements. Knowing the half-life of uranium 
and the ratio of uranium to lead in a 
sample mineral, scientists can use this in- 
formation to calculate the age of the min- 
eral. There are some problems, however. 
The calculated age is valid only if you can 
assume that no lead has been added to the 
sample from processes other than radioac- 


tive decay and that no lead has leached 
from the sample. 
Potassium-40 decays to form argon- 


40. Both isotopes are present in many 
rocks. The ratio of the two isotopes, plus 
the known half-life of potassium-40—1.3 
billion years—enables scientists to date the 


rocks. But argon is initially present in many 
rocks. Therefore, samples that give the 
most accurate results are those ‘hat have 
lost their initial argon early in their history. 


The decay of rubidium-87 (half-life 50 
billion years) to form strontium-%7 and of 
samarium-147 (half-life 100 billion years) to 
form neodymium-143 has been used to date 


some of the oldest known rocks. 


Apiece of acacia wood beam in an excellent state of 
preservation from the tomb of Zoser at ara. This 
tomb has a known age of 4,650+75 years. 
4,650 + 75 

Wheatand barley grain found in agranary in the prov- 
ince of Faiyum. 

6,095 + 250 


Courtesy, Field Museum of Natural History, Chicago. 
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ENGLAND 


Birchwood platform from the human occupation site 
at Lake Pic! J, in Yorkshire. 
9,488 + 350 
Stonehenge 

Charcoal san from the famous stone monument of 
Stonehenge Niltshire, England. The holes outside 
the outer circ! immense stone blocks were proba- 
bly used for kind of ritual. The charcoal sample 
was found | > of the holes 
3,798 + 275 
FRANCE 

Lascaux Cave, Dordogne 
Charcoal sa rom the floor of the Lascaux Cave, 
near Montig the department of Dordogne. This 
cave is fam its colored paintings (of animals) 
executed in id Stone Age. 
15,516 + 90( 


UNITED STATES 


Near Las Vegas, Nevada, is an ancient cave closed 
by accident many thousands of years ago. In this 
Cave, the floor is covered to a depth of some 2.5 
Meters with the manure of the extinct giant sloth. Ma- 
nure from the lower part of the pile was used as a 
sample. 

10,455 + 340 


In a cave known as Fort Rock Cave in Oregon were 
found some 300 Pairs of woven rope sandals. The 
beautifully made sandals were used directly for the 
Measurement of radiocarbon content. 
9,053 + 350 

Crater Lake 


Crater Lake, in Oregon, was created by the eruption of 
an ancient volcano. Apparently the eruption blew off 

e top of the mountain, covering the whole coun- 
ttyside with lava and pumice and burning or charring 
the nearby forests, The sample used in this case was 
Charcoal from a tree charred by glowing pumice. 
6,453 + 250 
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Lawrence 


Engineers check linear accelerator at Lawrence Livermore Laboratory. 


ATOM SMASHERS 


by M. Stanley Livingston 


We owe much of our present knowl- 
edge of atomic structure to the machines 
called particle accelerators, or atom 
smashers. These machines accelerate, or 
speed up, charged particles—negatively 
charged electrons or positively charged 
protons, deuterons, or alpha particles—to 
high energies, Electrons are the particles of 
negative electricity that circle the nucleus, 
or inner core, of atoms. Protons, deuterons, 
and alpha particles are all Positively 
charged nuclei. A proton is the nucleus of 
an ordinary hydrogen atom; a deuteron, of 
a heavy hydrogen atom; an alpha particle, 
of a helium atom. 

The charged particles in question are 
kept moving in a more or less clearly 
defined path. Particle accelerators can be 
compared to electric generators, which 
Cause a stream of electrons to flow in a wire 
circuit. The chief difference is that the par- 
ticles in an atom smasher are not contained 
within a conducting wire. They must be 
directed and focused by magnetic and elec- 
tric forces while they are being accelerated, 
or speeded up, 

When the particles reach great enough 
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speeds, they can be directed against a 
target. Upon striking the target, the accel- 
erated particles may cause the nuclei of 
atoms in the target to disintegrate or may 
affect them in other ways. By analyzing 


records that are made of these interac- 
tions, researchers can probe the structure 
of the atomic nucleus. 

The laws governing charges that move 
within electric or magnetic fields apply to 
accelerators. An electric field causes a 
charged particle to move in the direction of 
the field. The force exerted by a magnetic 
field on a moving charged particle is at right 
angles to the direction of motion and to the 
direction of the field. In the simplest case of 
a uniform magnetic field, the particles trav- 
el in a circular orbit. Both electric and 
magnetic fields can be made to vary by 
means of various techniques. 


TWO TYPES OF ACCELERATORS 


There are two basic types of atom 
smashers—the straight-line or linear accel- 
erator and the circular or magnetic acceler- 
ator. 

In the straight-line method of acceler- 


ation, the particles move along the axis of a 
number of cylindrical electrodes set in a 


straight line within a vacuum chamber. 
The partic gain energy every time they 
cross the gap from one electrode to the 
next. In the meantime they are focused in 
a narrow beam on the axis by electrical 
fields that serve as a guiding “‘gun barrel.” 

In circular accelerators, a magnetic 
field causes the particles to travel in more 
or less circular orbits within a flat cylindri- 
cal or ring ped vacuum chamber. The 
particles pass many times through fixed 


electrodes, each time receiving a boost in 
energy, They are focused into a flat, narrow 


beam, by magnetic or electric fields. 

In the pages that follow we shall 
describe the most important types of accel- 
erators. We shall show the developments 
that have led to atom smashers of higher 
and higher energy. 

THE VOLTAGE MULTIPLIER 
The first particle accelerator to disin- 


tegrate or smash atomic nuclei was the volt- 
age multiplier. This instrument was devel- 
oped by two British physicists, J. D. Cock- 
croft and E. T, S. Walton, in the Cavendish 
Laboratory of Cambridge University, Eng- 
land, in 1929. In 1932 it smashed an atomic 


The cosmotron at Brookhaven Na- 
petal Laboratory in New York is a pro- 
‘On synchrotron capable of develop- 
ing energies up to 3 GeV 
(3.000,000,000 electron volts). 


target for the first time. The machine 
produced hydrogen ions of 400,000 elec- 
tron volts. In atomic physics, energies are 
expressed in terms of electron volts. An 
electron volt represents the energy gained 
by an electron or a singly charged positive 
ion when it is accelerated through a poten- 
tial difference of 1 volt. Cockcroft and Wal- 
ton were awarded the Nobel Prize in phys- 
ics in 1951 for their pioneer work. 

The voltage multiplier consists of a 
high-voltage alternating current trans- 
former and two banks of condensers. A con- 
denser, also called a capacitor, is a device 
that holds or stores an electric charge. The 
condensers are connected by rectifiers, 
which serve as switches. The transformer 
charges one bank of condensers, through 
the rectifiers, in one half-cycle of the alter- 
nating current. Other rectifiers distribute 
the charge to another bank of condensers in 
the following half-cycle. The total voltage 
is several times the original. Cockcroft and 
Walton ultimately reached a voltage of 
800,000. The maximum practical energy is 
limited by insulation breakdown to about 
1,500,000 electron volts. 

The voltage is applied across the termi- 
nals of a long multielectrode vacuum 
chamber. Charged hydrogen ions, or pro- 


Brookhaven National Laboratory 
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tons, released from an ion source at one end 
of the vacuum chamber, are speeded up by 
the high voltage. At the end of the chamber 
they strike a target and cause its atoms to 
disintegrate. The simplicity of the voltage 
multiplier has made it an important tool for 
certain kinds of low-energy research. It is 
used today in many scientific laboratories. 


THE ELECTROSTATIC GENERATOR 


The electrostatic, or Van de Graaff, 
generator, developed by Robert J. Van de 
Graaff at Princeton University in the early 
1930s produces much higher voltages than 
the voltage multiplier. It is based on a fa- 
miliar electrical phenomenon—the genera- 
tion of a charge of static electricity by 
means of friction. 


A Van de Graaf electrostatic generator. Charged par- 
ticles in a high-voltage terminal at top are accelerated 
downward through a vacuum chamber. 


Photo Research International 


The device was first used 


for nuclear 


studies by M. A. Tuve, L. R. Hafstad, and 
O. Dahl at the Carnegie Institution in 
Washington, D.C., in 1934. was later 
improved by Van de Graaff thers. The 
modern electrostatic gener represents 
the combined efforts of many researchers, 

In this machine the electric charge ac- 
cumulates on a hollow sphere netal, sup- 
ported on insulating colun A mo- 
tor-driven belt ofa nonconducting material, 
such as rubberized fabric, extends between 
the base of the columns and the inside of 
the shell. An electric charge (either positive 
or negative) is applied to the belt at the 
lower end. The charge is carri n the belt 
to the inside of the hollow sphere and is 
transferred to the sphere. potential 
rises steadily as charge accumulates on the 
hollow sphere. The process continues until 
an extremely high voltage is 1 hed. Elec- 


tric charge then leaks away about as fast as 
it is collected from the belt. 

For the acceleration of parti: 
electrostatic generator, a vacuu 


is connected between the high-voltage 
sphere and the ground. This chamber con- 
sists of a column made up of glass or 


porcelain cylinders joined end to end and 
sealed. The particles that are to be 
ated are introduced into the vacuum 
chamber at the high-voltage end and accel- 
erated down the tube. They emerge as a 
narrow beam and strike a target, set within 
the vacuum chamber. The beam can also be 
led from the chamber through a thin foil 
vacuum window for certain kinds of experi- 
ments, 

If the generator is to accelerate pro- 
tons, positive charges are sprayed onto the 
belt. Hydrogen ions (protons) are supplied 
to the vacuum chamber. If electrons are to 
be speeded up in the device, a negative 
charge is sprayed onto the belt. The vacu- 
um chamber receives electrons from a hot 
cathode. The housing around the sphere 
and the insulated column is usually filled 
with nitrogen gas at a pressure of about 14 
newtons per square centimeter. The pres- 
sure increases the insulating properties of 
the gas, and prevents sparks or leakage 
from the terminal or along the belt. 


Voltages of from four to nine MeV 
(million electron volts) can be attained in 
electrostatic generators. The generators 
can be mounted vertically, as in the dia- 
gram shown here, or horizontally. The 
machines are commercially available, and 
are used for various purposes. Among the 
various services that electrostatic genera- 
tors render is the sterilizing of packaged 
foods and drugs by means of high-energy 
electrons. 


LINEAR ACCELERATORS 


In linear accelerators an oscillating 
electric field of constant frequency is ap- 
plied to a series of electrodes set in a 
straight line. The first linear accelerator 
was built by R. Widerde in Switzerland in 
1929, but was not very successful. Lack of 
adequate power sources of the appropriate 
frequencies delayed the development of 
linear accelerators for many years. The first 
successful one, used to accelerate protons, 
was completed by Luis W. Alvarez at the 
University of California in 1948. Linear ac- 
celerators are also called linacs (from 
LINear ACcelerators). 

In the proton linear accelerator, the 
electrodes consist of a series of hollow cyl- 
inders, The odd-number cylinders are con- 
nected to one pole of a generator of alter- 
nating current; the even-number cylinders 
are connected to the other pole. Adjacent 


cylinders carry opposite electric charges. If 
Nos. 1, 3, and 5 are positive, Nos. 2, 4, and 
6 will be negative. As in the cyclotron, the 
electrodes change their electric charge from 
negative to positive and vice versa as their 
electric field oscillates. 

Protons are first accelerated to about 1 
MeV in a voltage multiplier before being 
admitted into the linac. They go through the 
first, negatively-charged linac cylinder, 
which afterwards becomes positive. The 
second cylinder then becomes negative, at- 
tracting and accelerating the protons. Next, 
it becomes positive as the protons enter the 
now-negative third cylinder, which draws 
them through at a still faster rate. Since the 
protons are being accelerated, the spacings 
between the centers of the cylinders are 
progressively longer, so that the protons 
pass from one cylinder to the next at the 
right moment. Linacs of up to 50 MeV are 
also used to accelerate and inject protons 
into huge atom-smashers called proton 
synchrotrons. 

Linear accelerators of a somewhat dif- 
ferent type have been constructed to pro- 
duce high-energy electrons. In the electron 
linear accelerator, disks with holes in the 
center are set in a copper tube so as to form 
a number of sections. The disks in the first 
section of the accelerator are placed at in- 
creasing intervals along the tube. A high- 
frequency oscillating electric field is in- 


A linear accelerator for Positively charged particles. The odd-number cylinders are 
Connected to one pole of a generator of electric current; the even-number cylinders, 
to the other pole. Adjacent cylinders carry opposite electric charges, which change 
from Negative to positive and vice versa as the electric field oscillates, Positive ions 
are led into the accelerator, They pass through the first cylinder while it is negatively 
Charge . Next, they are attracted to the second cylinder, which has acquired a nega- 
tive Charge in its turn, and so on. Since the ions move faster as they pass through the 
adors; the spacing between cylinder centers has to be of increasing length, so 
at the ions will reach the gaps between cylinders at the right time. 
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troduced into the tube. The wave length is 
determined by the distance between disks, 
while the frequency remains constant, 
When electrons are admitted into the tube, 
they remain in step with the traveling wave 
and increase steadily in velocity. This ve- 
locity approaches the constant velocity of 
light when the electrons attain several MeV 
energy. With any further increase in energy 
only the mass of the electrons increases, 
The disk spacings become constant, and 
the oscillating electric field travels along the 
tube at the velocity of light. 

Stanford University in California has 
an electron linac of 20 GeV (1 GeV = 


“giga-electron-volt,” or 1,000,000,000 elec- 
tron volts.) 


THE CYCLOTRON 


A high voltage must be built up on the 
hollow sphere of an electrostatic generator 
before the device can be used to accelerate 
particles. In the cyclotron, high voltages are 
not required. Particles are accelerated as 
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The greatly simplified diagrams on this Page show 
the workings of a typical cyclotron, At the top is a ver- 
tical cross section through the magnetic poles (A and 
B) and the vacuum chamber (C) between the poles. In 
the vacuum chamber there are two hollow, semicircu- 
lar electrodes called dees (D, and D.). These elec- 
trodes have opposite electric charges. The voltage is 
alternated so that the charges change from negative 
to positive and from positive to negative at regular in- 
tervals. The positive ions that are to be accelerated 
are released from an ion source at the center of the 
vacuum chamber between the two dees. Since the 
ions are positive, they are attracted to the negative 
dee. They enter the hollow electrode and their path is 
bent in a circle by the magnetic field (bottom). After 
making a half turn, the ions again enter the gap be- 
tween the dees. The formerly positive dee has now 
become negative and it attracts the ions, which make 
a half turn in it. The stream of ions keeps spiraling 
around in this way until at last it e ges from the 
vacuum chamber. It can be made to strike a target or 
Pass through a channel. 


they pass many times through the same 
low-voltage electric field. 

The cyclotron was first proposed by 
Ernest O. Lawrence at the University of 
California in 1930. The first operating 
cyclotron was built by Lawrence and M. 
Stanley Livingston in 1932. It produced 1.2 
MeV protons. The device was immediately 
put to work in studying the disintegration of 
lithium and other targets. Continued devel- 
opment at the University of California lab- 
oratory and other research centers has 
resulted in the high-intensity cyclotrons of 
today. These machines have become the 
“workhorses” of nuclear research labora- 
tories, 

The cyclotron consists of a flat vacuum 
chamber set between the circular pole faces 
of a large electromagnet. In the vacuum 
chamber there are two hollow, semicircular 
electrodes, called dees because when seen 
from above, each has the shape of the letter 
“D.” Each electrode is like a hollow box, 
entirely enclosed except for the straight 
Part of the “D.” The two dees are arranged, 
as shown in the diagram, so that their 
Straight parts are close to each other. A 
high-frequency oscillating electric field is 
applied between the two hollow dees, oF 
electrodes, 

A stream of positive ions—protons, 
deuterons, or alpha particles—is released 
from an ion source in the center of the vac- 
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They spiral outward in their course until 
they reach the outer part of the vacuum 
chamber. They then emerge from the 
chamber and strike a target placed in their 
path. Sometimes they are directed through 
a narrow channel for other experiments. 
The magnets of cyclotrons are built of 
soft-steel castings. They must be large in 
order to provide high energies. The pole 


A close-ur yclotron shows the deuteron beam passing through a vacuum 
chamber t magnet poles, and directed toward a target. 
uum chan between the two electrodes. 

Since the ions carry a positive charge, they 

are attrac to the negative electrode. 

After they pass into the hollow electrode, 

the electric field will no longer act upon 

them. But they are now affected by the uni- 

form magnetic field produced by the elec- 

tromagnet. This causes the path of the par- 

ticles to be bent in a circle. After they have 

made a half turn, they again enter the gap 


between the electrodes. By this time the 
Polarity of the electrodes has changed. The 
negative electrode has become positive, 
and the positive one negative. The positive 
lon stream is attracted by the negative elec- 
trode, which speeds it up. It is as if one 
Were giving a person on a swing a series of 
Sac these are timed properly, the 
ofi 8 will rise higher in the air. The stream 
w dons is also given a series of vigorous 
Pushes” as the result of proper timing. 
RRE stream passes into the second 
s i it traverses a circular path that 
oe er larger radius. The ions gain in 

y every time they cross the gap. 


face of a typical cyclotron magnet may 
have a diameter of 200 centimeters, and the 
magnet itself may weigh 225 metric tons. 
The pole faces are slightly concave. As a 
result, the accelerated particles are focused 
into a narrow beam, which circulates in a 
plane parallel to and halfway between the 
top and bottom of the dees. The practical 
energy limit for cyclotrons is about 25 MeV 
for protons or deuterons. 


SYNCHROCYCLOTRON 


The mass of accelerated particles in- 
creases as their speed and their energy 
increase, according to the relativity theory 
of Albert Einstein. This effect in an acceler- 
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ator such as the cyclotron is not significant 
in energy ranges up to about 20 MeV. 
However, as the accelerated particles begin 
to approach the speed of light, the effect 
becomes much more marked. The increas- 
ing mass slows down the stream of particles 
and causes it to be out of step with the os- 
cillations of the high-frequency electric cur- 
rent. Unless the particles arrive at the gaps 
between electrodes at the appropriate time, 
they will be thrown off course. 

In 1945, E. M. McMillan at the Uni- 
versity of California and V. Veksler in the 
Soviet Union independently showed how 
one could keep accelerated particles in step 
with the applied electric field, despite the 
increase in mass. There would be two pos- 
sible methods. In one, the magnetic field 
would be increased in proportion to the 
mass. In the other, the frequency of the os- 
cillating current could be decreased as the 
mass of the particle increased, The magnet- 
ic field would be left unchanged. This sec- 
ond method was applied to the cyclotron. It 
resulted in the development of a modified 
cyclotron, called the synchrocyclotron. 

In the synchrocyclotron the oscilla- 
tions of the electric field are slowed down 
to match the increased mass and decreased 


ATOM SMASHERS 


speed of the particles. The particles con- 
tinue to receive an energy boost each time 


they pass the gap between odes. The 
principle was first applied in 1946 to a 470- 
centimeter cyclotron at the liversity of 
California. This instrument had originally 


been planned as a giant standard cyclotron, 


A number of other synchroc trons have 
been built, mostly in the ene range be- 
tween 300 and 400 MeV. igh-energy 
machine operates at 680 V at the 
U.S.S.R. Academy of Scienc laboratory 
outside Moscow. The large hrocyclo- 
tron at the University of California has 
been reconverted so as to produce an 
energy of 730 MeV. 

The high-intensity beams of particles 
produced in the synchrocyclotron are of 
tremendous value in experimental research, 
as in the analysis of mesons. As beams 
emerge from the instrument y can be 
led through channels in shielding walls to 
perform various experiments. 

THE BETATRON 

The particle accelerator called the be- 
tatron makes it possible to obtain streams 
of high-energy electrons by m ic induc- 
tion. “Betatron” comes from ı particles, 
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This device, called a synchrocyclo- 
tron, is a modified cyclotron. It can ac- 
comodate the mass changes involved 
with particles traveling at relativistic 
speeds. 


aname applied to electrons emitted in the 
form of rays. The betatron is based on the 
same principle as the electric transformer, 


in which an alternating current is applied to 
a primary coil and induces a similar current, 
with a higher or lower voltage, in a second- 


ary coil. In the betatron, achanging magnet- 
ic field is used to accelerate electrons 
around an orbit. The first practical betatron 
was built by Donald W. Kerst at the Uni- 
versity of Illinois in 1940. 

A ring-shaped vacuum chamber, called 
a doughnut, is placed between the poles of 
an electromagnet. Most of the magnetic 


flux passes through the doughnut hole. The 
magnetic field is reversed 60 times a sec- 
ond, each time increasing from zero 
strength to full strength. Electrons are 
produced from a heated filament. They are 
led into the doughnut just as the magnetic 
field at the it location starts to increase 


from zero strength. As the magnetic field 
grows, the electrons are accelerated. They 
follow a circular path of constant radius 
within the doughnut of the betatron. 

The streaming electrons are then di- 
verted from their circular path so as to 
Strike a target at the edge of the chamber, or 


outside of it. High-energy X rays are 
produced from a target struck in this way. 
These X rays can be used for scientific ex- 
periments, for medical diagnosis and treat- 


Ment, and for various industrial purposes. 
Most betatrons produce electrons of about 
20 MeV energy; a few have been built for 
higher energies. The largest betatron, built 
by Kerst at the University of Illinois, 
Produced 300 MeV electrons. 


ELECTRON SYNCHROTRON 


The electron synchrotron, like the be- 
tatron, accelerates electrons. However, it 
Produces greater energies. The device has a 
doughnut, and a ring-shaped magnet. The 
Magnetic field does not extend through the 
ole of the doughnut, as in the betatron. 
Es a one or more places around the 
a a radio-frequency electric circuit 
an „a Cavity is located. A high-frequency 
T ric field is produced across the gap in 
wie to accelerate particles. Electrons 

an energy of 50 to 100 kilovolts are 


CERN 


A large electromagnet used in a circular accelerator, 
Electromagnets cause the particles to accelerate 
outwardly in the form ofa spiral until they pass out of the 
vacuum chamber. 


emitted from an electron “gun” at the side 
of the chamber. Every time the electrons 
cross the gap they receive an energy boost. 
To keep the orbit of the circling electrons 
constant in radius, the strength of the mag- 
netic field is increased as the particles gain 
energy. 

At the end of the accelerating interval 
the beam is directed against a target, 
producing high-intensity X rays. In some 
installations, a beam of electrons is directed 
out of the chamber and is conducted away 
from it for other experiments. 

In 1947 McMillan completed the first 
electron synchrotron of 300 MeV energy, 
though the principle had been demon- 
strated at lower energies before that time. 
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An alternating gradient synchrotron. In this device, the particles are focused into 
a very narrow beam by strong forces that are Produced by alternately converging 
and diverging magnetic fields. 


A parallel development took place in the 
Soviet Union. Several electron synchro- 
trons have been built to operate at from 500 
MeV to several GeV. 


PROTON SYNCHROTRON 


Another important type of synchro- 
nous accelerator is the proton synchrotron. 
This instrument smashes atoms in much the 
same way as electron synchrotrons. The 
difference is that in the case of protons, the 
frequency with which they complete their 
orbits increases constantly with increasing 
velocity throughout the acceleration 
period. Protons never quite reach the ve- 
locity of light. To match the increasing ve- 
locity of protons, the electric field providing 
acceleration is increased in frequency dur- 
ing the accelerating cycle. The magnet, dif- 
ferent from that in older accelerators, con- 
sists of four quadrants, or quarter-circles, 
separated by four gaps. 

The first two large proton synchro- 
trons were the cosmotron at Brookha- 
ven National Laboratory on Long Island, 
New York, and the bevatron at the Univer. 
sity of California. The cosmotron is so 
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called because, operating at 3 0 GeV, y 
produces beams of protons with energies 
found hitherto only in cosmic rays. The 


bevatron is even more powerful. It operates 
at 6.2 GeV. The name ‘‘bevatron”’ comes 
from ‘billion electron volts,” because it 
runs in that range. In both machines pro- 


tons are injected into the orbit by an aux- 
iliary accelerator. A Van de Graaff elec- 
trostatic generator is used for the ee 
nary speeding up of particles in the case 0 
the cosmotron. A linear accelerator accel- 
erates particles for the bevatron. 


ALTERNATING GRADIENT PRINCIPLE 


In 1952 a new principle of pore 
focusing—the alternating gradient principle 
—was proposed by E. Courant, M. S. Li- 
vingston, and H. Snyder at Brookhaven 
National Laboratory. This has led to a new 
class of magnetic accelerators, in which the 
pole faces are shaped to produce strong a 
cusing forces by means of alternately con 
verging and diverging magnetic fields. 
Protons (or electrons) in a vacuum chamber 
are focused into a very narrow te | 
which permits using a vacuum chamber 0 


comparatively small cross section. Smaller, 
magnets can be used to keep the circling 
particles on course. It has also become 
practical to build magnetic accelerators of 
much larger orbital radius and much higher 


energy. 

The first major devices using strong 
focusing were the proton synchrotron of 28 
GeV at Geneva, Switzerland, and the alter- 


nating gradient synchrotron of 33 GeV at 
Brookhaven, Long Island. In the U.S.S.R., 
at Serpukhoy, is a still larger accelerator of 


this general type, of 76 GeV. In Batavia, Il- 
linois, an accelerator of 400 GeV was built, 
and in the me underground tunnel, a 
1,000-Ge\ itron was tested in 1983. A 
proton accelerator, the tevatron uses 1,000 
supercooled magnets to lower its energy 
needs. 


OTHER ACCELERATORS 


Powerful accelerators of other types 


In this linear 
Causes the electr 
erating the at 


have been built. Beams of particles can be 
made to collide head on instead of striking 
a stationary target. The energy of each 
beam thus adds to the effect of the colli- 
sion. 

The Super Proton Synchrotron at the 
European Organization for Nuclear Re- 
search (CERN) in Geneva, Switzerland, 
was converted to a proton-antiproton colli- 
der. In 1983 it was used to confirm the ex- 
istence of the three intermediate vector 
bosons predicted to be the carriers of the 
weak force. CERN has under construction 
a 27-kilometer Large Electron-Positron 
storage ring (LEP) to collide electrons and 
positrons. At Serpukhov work has started 
on a superconducting accelerator several 
times more powerful than the tevatron. In 
the United States, proposals were made for 
a colliding beam accelerator of 20,000 GeV 
with a circumference as large as 160 kilo- 
meters. 


ccelerator, or linac, a high-frequency oscillating electric field 
jes to change their electric charge, thus attracting and accel- 
particles through the main cylindrical tube. 
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AUTOMATION 
AND ROBOTICS 


When a person puts a load of dirty 
clothes in the washing machine, turns it on, 
and comes back later to find clean clothes 
that have been washed, rinsed, and spin- 
dried, that person is taking advantage of au- 
tomation—a machine has taken over a 
chore that in the past had to be done by a 
human. 

Automation has become part of so 
many aspects of our daily lives that we gen- 
erally don’t notice it—except when some- 
thing breaks down. Self-service elevators, 
central heating and air conditioning, the 
direct-dial telephone system—all involve 
automation. Furthermore, nearly all the 
goods we use, from the foods we eat to the 
cars we ride in, are products of automation. 

The greatest use of automation has 
been in industry, where it has brought 
about faster and cheaper mass production 
of goods. With the use of computers, even 
the cutting of complicated, high-precision 
parts is now done by self-regulating ma- 
chines in one smooth and rapid operation, 
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The process no longer has to be interrupted 
to measure the work, compare it with speci- 
fications, reject errors, and make necessary 
adjustments. Automatic controls perform 
all of these tasks continuously. 1 

Automation is important in many of- 
fices, as well as in factories. Banks, ieur 
ance companies, department stores, ani 
many other businesses rely on computers 
for such jobs as accounting, billing, and uy 
ventory. In the field of printing, computers 
are being used for typesetting. 

The use of automation is now spread- 
ing to new fields. For example, modern hos- 
pitals have complex automatic monitoring 
equipment that keeps track of the patient’s 
vital functions. New automated techniques 
for the diagnosis of disease are also Dens 
developed. For example, computers = 
Other equipment are being used to diagnos' 
heart ailments and to read X rays. 4 

One of the largest applications of “i 
tomated equipment is in the commun: 
cations industry. Automatic switching 


Factory autom 1 has greatly 


reduced the nbers of work- 
ers required to perform a wide 
variety of ope ns. Here an 
engineer stands in front of a 
control panel 2 very large 
brass rod extrusion press. 


devices have saved thousands of man- 
hours and made possible millions of dollars 
in cost savings. The effect on U.S. labor 
was made dramatically visible in the sum- 
mer of 1983 when a strike by telephone 
workers had little impact on service. 


SELF-REGULATING MACHINES 


at Automation, in the sense of mechani- 
ation, has been going on since primitive 
Ka began using tools to simplify his 
A ai However, large-scale automation 
iu have its beginnings until the 
fits rial Revolution of the 1700°s. Auto- 
ma n in the technical sense of the term is 
Ost completely a product of the 20th 

century, 
ee of the first self-regulating ma- 
ie with an automatic control 
i —was designed by the Scots engi- 
and inventor James Watt. In 1787 


Chase Brass and Copper Co. 


Watt designed a governor to control the 
speed of his steam engine. 

Known as the centrifugal, or flyball, 
governor, this device was geared to the 
engine by a belt and pulley. It consisted of a 
vertical shaft on which two arms were 
crisscrossed, as in a pair of scissors. The 
arms were weighted at their lower ends. As 
the engine speed increased, the spinning 
arms were flung outward. In this outward 
position they operated a linkage that, in 
turn, automatically reduced the supply of 
steam to the engine. This caused the engine 
to slow down. As the engine slowed down, 
the reduced outward force allowed the 
arms to drop. This increased the steam sup- 
ply and caused the engine to speed up once 
more. In this way the engine could be made 
to run automatically at a more or less con- 
stant speed. This type of governor, with 
minor modifications, is still in use. 
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© Steve Allen/Peter Arnold, Inc. 
Automation on a small and large scale. Above: an 
electronic scanner grocery checkout device. Below: 
a single person operates a gas-dispatching room of 
a pipeline system. Pipeline Conditions can be read 
off of the display board 


Columbia Gas System 
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Another major devel nt in auto- 
matic control systems was invention of 
a steering motor by the itish engineer 
Isambard K. Brunel. Thi: ering motor 
was used to turn the hea rudders of 
Oceangoing steamships. A ice of this 
kind was installed on Brunel's ship the 
Great Eastern, which w iunched in 
1858. 

In Brunel’s steering or, an inlet 
valve admitting steam t linder was 
opened by turning the helmsman’s wheel. 


An ingenious follow-up lir 
compared the angle of the 
angle of the wheel, and clos 


constantly 
ider with the 
ff the steam 


as the rudder swung aroun he desired 
position. 

This early steering mot as the pro- 
totype of the modern servomotors. These 
devices are ‘‘enslaved"’ motors that use the 


principle of feedback to ply varying 
amounts of power according to the de- 
mands of a controlling mechanism. 

From its beginnings automation has 
undergone a rapid evolution. The first auto- 
matic machines could do a si predeter- 
mined job. Later, with incr: sing sophis- 
tication, machines were developed that 
could perform a sequence of jobs, be run by 
remote control, measure the quality of the 
product, and make corrections for any error 
found in the product. 

In the most highly developed auto- 
matic control systems, possible errors are 
Corrected during the operation. In some, 
such as spacecraft systems, information 
from the environment is constantly evalu- 
ated, and the possible errors are corrected 
even before the operation is carried out. 


THE SCIENCE OF CYBERNETICS 


The application and general analysis of 
control systems in both living organisms 
and machines is known as cybernetics. The 
word was coined in 1948 by the American 
Mathematician Norbert Wiener from the 
Greek word meaning “steersman.” In the 
broadest sense, cybernetics is the science 
of the control of systems. More specifi- 
cally, cybernetics is concerned with sys- 
tems that are able to regulate their own 
Operations without human control. 


1, CONTROL 2. EXECUTIVE 
PART 
Fig. 1. A closed-ic 


driver uses the ex 


driver stores inform 
back—on the actua 
justs (5). The seq 
part of the contro! 


FEEDBACK 


t This automatic regulation is done by 
using feedback; information about the end 
product that is fed back to a regulating de- 
vice, causing it to modify or correct pro- 
duction procedures if necessary. If a 
control system is to be considered auto- 
mated in a technical sense, a feedback 
mechanism must be present within it. 

Perhaps the concept of feedback is 
best explained by using a familiar example: 
hen a person drives a car, he or she is 
concerned with two things: its speed and its 
Position with respect to the road and other 
cars. The driver controls the speed and po- 
sition of the car by means of the steering 
Wheel, the brakes, the accelerator pedal, 
if need be, the transmission. The 
an keeps on the proper side of the road 
ee the car’s velocity and position 
a respect to the road and the traffic sit- 
ation. If necessary, the driver may even 
make a detour or respond to an emergency. 
a ormation that comes to the driver 
it speed and position and that makes 
Si er management of the car possible is 

e kind of feedback. 

Te the car and driver are regarded as a 

i unit instead of as two separate 

ngs, they constitute a self-regulating sys- 


1p system—a man driving a car; he is the control part (1). The 
l itive part (2)—steering wheel, gas pedal, brakes, and transmis- 
sion—of the car i order to alter its position and speed (3). In his memory (4) the 
tion about his destination. In 4 he also receives data—feed- 
changing position and speed of the car, which he thereby ad- 
e from 1 to 5 is really a closed loop, since memory (4) is really 
1). and 5 is really a part of position and speed (3). 


3. POSITION 
AND SPEED 


4. MEMORY 


5. ADJUSTED 
POSITION AND SPEED 


tem. In cybernetic language, the driver is 
the controlling part of the system, directing 
the movements of the entire car-person unit 
through the executive part of the system: 
steering wheel, gas pedal, brakes, and 
transmission. These in turn affect the 
power and motive mechanism of the auto: 
the engine and the wheels. 

The driver must maintain a proper po- 
sition on the road and in relation to other 
cars. In other words, the driver has infor- 
mation about the destination, position, de- 
sired speed, and desired positions. This 
information is stored in the driver’s mem- 
ory, or, in cybernetic terms, in a data-stor- 
age bank. 

How did the information reach the 
driver? That is, how was the driver pro- 
grammed? The decision to take the trip 
may have been a personal one or may have 
been made by someone in authority. The 
same may be said of the decision to make 
the journey by car. At an earlier time, of 
course, the driver had been taught to drive. 
That is, information on how to drive and 
how to obey traffic rules was programmed 
into the driver by other people. 

With all this ‘data’ in his or her 
“memory bank,” the driver directs the 
auto, regulating the position and speed of 
the vehicle. The position and speed are 
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controllable factors called parameters. 
These may deviate from the desired param- 
eters because of a number of other things: 
other cars, the fact that the road curves and 
goes up and down, and so on. 

Therefore, the driver adjusts the steer- 
ing and speed of the car to conform with 
the desired parameters—whatever these 
may be at the moment. The car may be 
guided ‘‘out of its way” to pass a slower 
vehicle or even turned onto a less con- 
gested road. In other words, additional in- 
formation about the actual speed and 
position of the car at any moment is con- 
stantly fed back to the driver. The driver 
responds by adjusting the auto to the situa- 
tion and then trying to get back to the de- 
sired parameters as represented in memory 
as quickly as possible. 

The concept of feedback is at the very 
heart of cybernetics. It is what makes a sys- 
tem automatic and self-regulating. Briefly 
defined, feedback is information about the 
actual state of a system and is used by 
the controlling part of the system to bring it- 
self to a desired state that has been pro- 
grammed into it. Such a feedback-based 
system is called a closed-loop system 
because the activity occurs repeatedly in a 
continuous cycle. The car-person system 
described above is a closed-loop system. 


EXECUTIVE PART 
(HEATER) 


NU 


CONTROLLING 


ELEMENT 
(THERMOSTAT) 
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APPLICATIONS 


The applications of cybernetics are 
growing very fast and already have accom- 
plished wonders. Engineers have devel- 
oped calculating devices that work so fast 
that they can perform, in a few minutes or 


hours, mathematical operations that nor- 
mally would take a group of people many 
years to complete. In the field of science, 


computers construct models of situations 
based on the ideas and mathematical con- 
cepts of the researchers. This is a simula- 
tion of actual or possible conditions in a 
given problem. Years of tedious trial-and- 
error experimentation are thus avoided. 
The computer displays the results visually 
on a screen or provides a printout of the 
theoretical results. 

In engineering and technology, similar 
computer methods are employed. An archi- 
tect, for example, can use a computer to 
design a building and can make changes in 
the design that is shown on the display 
screen of the computer. 

Computers are coming into wider use 
in medical diagnosis. Symptoms of many 
diseases of a given organ or body system 
are stored as data in the memory bank of a 
computer. When confronted with the symp- 


Fig. 2. A completely automat- 
ic closed-loop system—a 
thermostat controlling 4 
room's temperature. The con- 
trolling element is a ther- 
mometric device that can be 
set at any desired tempera- 
ture reading. It controls the 
heater—the executive part 
Actual room temperature Is 
the regulated parameter. The 
heater keeps operating as 
long as the room temperature 
is below the desired reading 
of 25° Celsius. Once the latter 
is reached, the thermostat 
turns the heater off. When 
room temperature drops 
below the set reading, the 
thermostat switches the heat 
er on again. The outside pa 
perature affects the [00 
temperature. 
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This industrial robot works in an automobile plant, where it is programmed to 


move heavy eng 


toms of a patient, the doctor feeds them 
into the computer, which provides the 
proper diagnosis of the disease by compar- 
ing the symptoms with those already in its 
memory. This has already been done for 
diseases of the cornea (part of the eye) and 
the heart, for example. Also, actual work- 
ing models of the heart and lungs can keep 
4 patient alive during a surgical operation 
on his corresponding organs. 

Cybernetics is being fruitfully applied 
to the social sciences—sociology, econom- 
Its, politics, linguistics, and education. 
cybernetic analysis clarifies many complex 
Situations in these areas, enabling sociol- 
Ogists and other experts to predict many 
social processes, Models are also con- 
structed with computers, much as in sci- 
ence and technology. 

, Teaching machines use cybernetic 
A to instruct students on an individ- 
teal Computers have been made to 
rite ate languages and even edit and 
ieee and poetry. Through cyber- 
thse analysis, language experts have found 

Most languages have over 50 percent 


1e blocks from stacks to the assembly line. 


redundancy. This is, if you remove, at ran- 
dom, 50 percent of the letters of a text, it 
can still be understood. 


INFORMATION AND COMMUNICATION 


In its broadest meaning, information is 
anything that tells something to someone or 
to some other thing. Significant information 
changes the state of the system it enters. 
Going back to the auto and its human 
driver, we may say that the latter transmits 
information to, or communicates with, the 
mechanical parts of the car—steering, 
brakes, gas pedal, transmission, and so on. 
We usually think of information transmis- 
sion, however, as taking place between two 
intelligent beings, or persons, either di- 
rectly through speech or through some me- 
chanical medium, such as telephone, radio, 
or writing. 

Actually, such conscious, intelligent 
communication is only one example of 
communication in general. The gap be- 
tween the living and the mechanical is 
being narrowed by continuous develop- 
ments in the cybernetics, information, and 
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© Richard Wood/Tourus Photos 
Above, a designer Provides specifications to a com- 
puter that Plans Printed circuit boards. Below, a 
computer drawing of anew commercial jetliner. 
© Chuck O'Rear/West Light 
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communication fields. Biological activities, 
even thinking, may to a lars tent be ex- 
plained in cybernetic terms. M chines, es- 
pecially computers, are | ning more 
intelligent and lifelike, sec ly, in their 
behavior. 

Just how does comr ition take 
place? On one of its most « ex levels— 
human speech and writing munication 
makes use of languages a mbols, or 
signs (letters and numbers h are var- 
iously combined to make iges. Mes- 
sages must be transmitted | me kind of 
physical action—biological echanical— 
such as speech, writing ires, tele- 
phone, television, telegraph dio. 

In other words, mes are con- 
veyed by signals of some k In electrical 
communication, the messa converted 
into pulses that are finally yressed on 
electromagnetic waves. Al receiving 
end, the electrical signals changed 
back into recognizable sounds or perhaps 
writing. 

A comprehensible syst of definite 
signals, along with the symb« etters, nu- 
merals, and other signs) t! iey repre- 
sent, makes up a code. The most familiar 
example perhaps is one of th orse codes 
in telegraphy, where each letter and num- 


electricity 


ber is represented by pulse 
called “dots” and “dashes 

Another encoding system is binary no- 
tation, used in computers. Each number or 
letter is represented by particular combina- 
tions of ones and zeros, or, electr ically, by 
“on” and “off” switch positions. A binary 
numeral, or digit, abbreviated bit, thus rep- 
resents a certain minimal amount of infor- 
mation. 

Let us now take some of these ideas 
about communication and information and 
apply them to the cybernetic system de- 
scribed earlier in the article. 


CYBERNETIC COMMUNICATION 


Information of all kinds comes into and 
passes through a cybernetic system. Visual 
and auditory signals about the state of the 
road and traffic enter as light waves an 
sound waves into the eyes and ears, respec- 
tively, of the driver. They influence the 
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Dr. Norbet Wie ned the word cybernetics. 
Cybernetics cor m the Greek word meaning 
pilot or governor 


driver's actions. The driver sends orders to 
the executive svstem of the car by pushing 
down or easing off the gas pedal, by press- 
Ing or releasing the brake pedal, and by 
turning the steering wheel in a suitable di- 
rection, 


These driver actions on the executive 
System of the car may be said to constitute 
Signals. The car also signals the driver by 


the way it reacts to his orders. 
the The executive system communicates 
ah river’s signals to the power plant and 
R of the car by a system of linkages. 
a ee driver, for example, pushes down 
its ts rake pedal, a set of devices trans- 
Sich e pressure to the brake mounted on 
Wheel of the auto. This action slows 
Own the car. 
ied any point in the cybernetic and 
one here processes, we notice that 
another i signal may be transformed into 
ample T a radio transmitter, for ex- 
Dea e alr waves generated by a 
ns speaking are transformed into 


electromagnetic waves. At the receiving 
Station, the electromagnetic waves are 
transformed back into air vibrations. As 
the air vibrations hit the ears of the listener, 
they are transformed into nerve impulses 
and then are transformed into intelligible 
words in the listener’s brain. 

The ability of a machine to ‘‘commu- 
nicate’’ with another machine and to be 
*‘programmed”’ by a human is the basis of 
automation. Automated machines can be 
found in the home (thermostat, automatic 
coffee maker, dishwasher) as well as in in- 
dustry. 


AUTOMATION IN INDUSTRY 


Some industrial operations lend them- 
selves more readily to automation than oth- 
ers do. Automation is most readily and 
economically applied to the large-scale 
production of a single article. For example, 
the manufacture of machine parts and the 
production of certain foods are both highly 
automated. On the other hand, industries 
where the demand is subject to wide sea- 
sonal variation or where there are frequent 
design changes are unlikely to be auto- 
mated. 

In some industries a break in the flow 
of production can ruin the product. Here 
automatic controls are valuable. For ex- 
ample, chemical and petroleum plants are 
now almost completely automatic, from the 
injection of crude materials, through the 
processing reactions, to the final packaging 
for shipment. The chemical concentrations, 
heat, and pressure throughout the pro- 
cesses are too extreme and require too 
much constant testing and adjustment for 
human control. Meters and feedback con- 
trol systems have solved the problem. 

Companies involved in the use and 
manufacture of toxic chemicals have devel- 
oped fully automated production lines. 
Computers monitor the accurate flow of all 
chemicals, assure that proper heat and 
cooling exists in all parts of the ‘‘line,”’ and 
control the final delivery of both active 
chemicals and waste products to their 
proper destinations. 

In petroleum refineries, highly sophis- 
ticated automatic control systems actually 
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Industrial robots perform dangerous or boring jobs in a tireless and consistent 


manner. These assembly line robots are making automobile body welds. 


make possible the production of modern 
high-quality fuel. Without automation, the 
rate of production and the quality of the 
product would both be drastically reduced. 
In these plants a small group of engi- 
neers is still required for monitoring the 
operation from a central control room. The 
end product is tested in a separate labora- 
tory, and the results are sent back to the 
engineers for necessary correction in the 
process. New methods of continuous end- 
product analysis are making more and more 
plant operations entirely automatic. 
Automatic controls are indispensable 
in atomic energy production. People cannot 
work too close to nuclear reactors because 
of the dangerous radiation that accom- 
panies the splitting of atoms. Automatic 
regulation also averts the Possibility of a 
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disastrous explosion that might be caused 
by a slight error in human judgment or by 
the slowness of many human reactions. 
Nuclear power generating stations have be- 
come so heavily automated that in 1983 the 
major cause of plant shutdown was not jm- 
proper handling of atomic materials z 
the malfunctioning of automated fail-safe 
systems. 4 

i In 1983 Japan’s Yamazaki Machinen 
Works opened a “factory of the future T 
Florence, Kentucky. The facility is aI 
signed to produce modern machine-to' š 
parts. It is one of the world’s first fully pa 
tomated factories. Only six human worka 
are employed to tend the computers, ae 
that the various robots used in ae 
facturing process are in good repair, 4 
answer the phones. 


ROBOTS 


In science-fiction stories there are 
often robots with human or superhuman ca- 
pabilities. These fictional computer-brained 
machines are portrayed as running facto- 
ties, doing the household chores, produc- 
ing more of themselves, and even as having 
human feelings. Perhaps future technolo- 
gies will produce such machines, but at 
present they do not physically exist. How- 
ever, mathematical models and theories of 
such devices do exist. 

The word robot was coined in 1920 by 
the Czech playwright Karel Capek. In his 
play R.U.R. (the initials of Rossum’s Uni- 
versal Robots—from the Czech word ro- 
bota, meaning ‘“‘drudgery”), Capek 
portrays a society in which chemically con- 
Structed automatons operate all the fac- 
tories. Thus, humans can “perfect 
themselves free from the degradation of 
labor.” Robotics is the field concerned with 
the design, development, and maintenance 
of robots. 

Many people think of robots as me- 
chanical people that can see, feel, walk, 
and talk much like the Star Wars’ robots 
C3PO and R2D2. The robots in use today, 
however, are not lifelike copies of men and 
women but industrial machines designed to 
Perform one or more simple and repetitious 
tasks, such as spot-welding automobile 
bodies, Spray-painting a metal part, or 
tending die-casting machines. Industrial ro- 
bots also perform a wide variety of mate- 
tals-handling tasks. 

_ Basically, an industrial robot is a ma- 
chine that can be programmed to do a va- 
ee of tasks that are usually done by 
“eee factory workers. Like their human 
: interparis, industrial robots can be 

witched from one job to another and can 
io ol (programmed) to handle new 
kn S. Robots can shear sheep, pluck chick- 
i Sort vegetables, and assemble mechan- 
kcal components, 
oon nlike humans, robots can work 24 
takin a day, seven days a week, without 
ier 2 potre break, sick leave, or vaca- 
volved nd without becoming directly in- 
in a labor-management dispute. 


Robots accomplish their tasks with great 
precision and with a low error rate. Unlike 
humans, they are relatively insensitive to 
excessive heat, cold, dust, radiation, and 
toxic chemicals. 

When a human worker welds a seam, 
he cannot keep his torch on the work for 
more than 30 percent of the time because 
of the intense heat and glare of the welding 
arc. A robot welder can keep its torch on 
the workpiece about three times as long. 
Although the robot cannot work any faster 
than the human, it can thus produce about 
three times as much work. 

Although robots effectively accom- 
plish simple mechanical tasks, they cannot 
as yet compete with fixed, self-operating 
machinery that is designed to perform re- 
petitive operations in the assembly of mass- 
produced components. An automated bot- 
tle-capping machine, for example, can cap 
and seal several dozen bottles a second. 
Robots are still too slow and expensive to 
be cost-effective in such automated assem- 
bly situations. Also, both experiments and 
on-the-job testing have shown that robots 
do not compete successfully with human 
workers in batch or small-lot assembly op- 
erations. 


LEARNED SKILLS AND NEW ROLES 


The microcomputer, the heart and 
brain of an industrial robot’s sensory sys- 
tem, is becoming more sophisticated and 
less expensive with each passing year. By 
the end of the 1980’s, it is expected that 
fast, accurate, multidexterous industrial ro- 
bots will respond to a wide variety of sen- 
sory cues, to ‘‘learn’’ by trial and error, 
and to acquire skills by analyzing and 
solving specific work problems. Such 
‘learned’ skills could conceivably be 
transferred to other robots. 

The American Society of Manufactur- 
ing Engineers (ASME) has stated that by 
1990 sensory techniques will permit robots 
to approximate human capability in assem- 
bly and that at least 15 percent of all U.S. 
assembly systems will use robotic technol- 
ogy. The ASME estimates further that 20 
percent of the labor involved in automobile 
assembly and half of the labor in small- 
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Android robots are popular 


as educational devices to in- 
troduce people to the ex- 
panding fie yf robotics. 


© Tom McHugh/Photo Researchers, Inc. 


component assembly will be replaced by 
some form of automation. 

Before the mid-1990’s, robots are ex- 
pected to branch from basic assembly op- 
erations to such areas as the construction 
trades. Robots will carry building mate- 
rials, position panels, lay stone and brick, 
and cut lumber to size. In inhospitable en- 
vironments, such as outer space and the 
ocean floor, robots will be engaged in con- 
struction and mining operations. In the fu- 
ture, automated factories could perform 
most, if not all, manufacturing and assem- 
bly operations now performed by humans. 
The ultimate factory will see robots repro- 
ducing themselves. Automated factories 
will manufacture machines for other auto- 
mated factories. 

One of the largest users of robots will 
be the military. A report issued in 1982 by 
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the U.S. Army’s War College Strategic 
Studies Institute noted that “robots en- 
hanced with sensors and with princi 
telligence—computer programming t 
enables them to ‘think’—would be able ; 
take over routine or dangerous jobs of i 
diers, or even do things soldiers canno 
do.” 

The Army’s report suggests that by B 
next century smart robots may be enlis É 
to load weapons and handle ammu 
detect enemy minefields, implant ai 
capable of identifying and reporting ene E 
movements, and identify, track, sea 
destroy enemy air or ground targets. fiel 
may also handle such routine battle ai 
tasks as digging, filling craters, buitine ma 
stacles, and transporting supplies. Ro id 
could handle hazardous or contamina! 
Materials as well. 


SOCIAL EFFECTS OF AUTOMATION 


The introduction of automation has 
had widespread effects on the economics 
and labor forces of the industrialized na- 
tions of the world. It is estimated that ap- 
proximately 25,000 robots were employed 
in the world’s factories at the end of 1983, 
with some 14.000 in Japan, 6,000 in the 


United States, and the remainder in Eu- 
rope. Predictions are that by the end of the 
decade the number in the United States will 
climb to between 20,000 and 60,000 and 
in Japan to more than ten times those 
numbers. 


Those who believe that the increased 
use of robotics and automation will not 
cause widespread unemployment claim 
that robots and other new technologies lead 
to promotions and reassignments, not re- 
placement. They point out that many new 
job opportunities have been made available 
to former assembly personnel, including 
New positions in technical maintenance and 
computer programming. The robotics in- 
dustry itself, for example, grew from two 
manufacturers in 1972 to more than a dozen 
a decade later 


A risk-taking robot operated 
by the New York City bomb 
Squad maneuvers a suspi- 
cious attache case into a 
Cradle for safe disposal. 


Labor unions generally oppose the in- 
troduction of labor-saving devices unless 
there is some assurance that jobs will not 
be lost. If a high degree of job security is 
felt by the workers, robots and other new 
technology are introduced smoothly. How- 
ever, many spokesmen for workers in the 
auto industry in particular feel that robots 
will increasingly displace human beings on 
the assembly lines. They cite robotics, 
computer control, and other computer ap- 
plications as well as worldwide standard- 
ization of auto parts as examples of 
advanced technology that will have serious 
social consequences. 

Mass production through automation 
has made available a wide range of rela- 
tively inexpensive consumer goods of uni- 
form quality. For the worker, shorter 
workweeks have, here and there, been 
made possible through automation. 

In terms of actual working conditions, 
automation has generally had a beneficial 
effect. Heavy and dangerous work is now 
done automatically in many countries. Fac- 
tories are generally safer and cleaner. 
Workers suffer less exposure to hazardous 
operations and irritating substances. 
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selected readings 


TECHNOLOGY 
HISTORY AND GENERAL 


Baldwin, Gordon C. Inventors and Inventions of the Ancient 
World. New York: Four Winds, 1973; 251 PP.. illus.—Well- 
told story of the inventions that led humans from a hunting 
to an urban life; a good reference work for grades 7-12. 


Birdsall, Derek, and Carlo M. Cipolla. The Technology of 
Man: A Visual History. New York: Holt, Rinehart & Winston, 
1980; 271 pp., illus.—Well-chosen and handsomely pre- 
sented record of artifacts from the most ancient pebble 
tools to the latest instruments of space exploration. 


Briggs, Asa. The Power of Steam. University of Chicago 
Press, 1983; 208 pp., illus.—An illustrated history of the dis- 
coveries and challenges of the steam age, 


Burstall, Aubrey F, Simple Working Models of Historic Ma- 
chines. Cambridge, Mass.: MIT Press, 1975; 80 pp., illus. — 
Instructions for easy-to-build models from the past, such as 
Leonardo da Vinci's lathe and a Greek puppet theater mech- 
anism, 


Conot, Robert. A Streak of Luck. New York: Seaview/Simon 
& Schuster, 1979; 565 pp.—The title refers to a quote from 
the book's subject, Thomas Edison, given a perceptive and 
illuminating study here. 


Day, John. Engines: The Search for Power. New York: St. 
Martin's, 1980; 256 pp., illus —Lucid explanations of the 
workings of a wide range of engines, ancient and modern; 
profusely illustrated, 


Feldman, Anthony, and Peter Ford. Scientists & Inventors. 
New York: Facts on File, 1979; 336 pp., illus.—Short 
sketches of the lives and accomplishments of renowned sci- 
entists and engineers, with excellent illustrations: for stu- 
dents and young adults. 


Gibbs-Smith, Marvin, Charles Rees, and Gareth Rees. The 
Inventions of Leonardo Da Vinci. New York: Scribners, 
1978; 110 Pp., illus.—Uses Da Vinci's drawings, including 
ane Kocam models, to illustrate his depth of scientific 
interest. 


Harpur, Patrick, ed. The Timetable of Technology. New York: 
Hearst Books, 1982; 240 pp., illus.—Timetables in chart 


form and articles on 20th-century technological achieve- 
ments. 


Herner, Saul, with Gene P. Allen and Nancy D. Wright. A 
Brief Guide to Sources of Scientific and Technical Informa- 
tion. Information Resources Press, 2d ed., 1980; 160 pp.— 


fonate and very selective guide for the engineer or scien- 
ist. 


Kivenson, Gilbert. The Art and Science of Inventin New 
York: Van Nostrand Reinhold, 1977; 195 pp.—Provide, guid- 
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ance in the process of inventing and the obtaining of pat- 
ents. 


Lodewijk, T., et al. The Way Things Work: An Illustrated En- 
cyclopedia of Technology. New Y: Simon & Schuster, 


1973; 288 pp., illus.—A special edition lor readers in grades 
7-12, 

Modern Scientists and Engineers. New York McGraw-Hill, 3 
vols., 1980—Revision of an earlier work updating one-quar- 
ter of its 1,100 biographies of living and deceased scientists 


and engineers, 


Saucer and Other Pro- 
jlewood Cliffs, N.J.: 
essays on how the 
of elements, and the 


Pawlicki, T. B. How to Build a Flyi 
posals in Speculative Engineering. £ 
Prentice-Hall, 1980; 176 pp.—Popu! 
Pyramids were built, the transmutat 
philosophy of other scientific advan 


Rowland, K. T. Eighteenth Century Inventions. New York: 
Barnes & Noble, 1974; 160 pp., illus —A reference book with 
bibliographies, Providing a look at the beginnings of the 
Industrial Revolution, 


The Smithsonian Book of Invention. New York: Nortoni 
1978; 256 pp., illus.—The history of invention, with exam: 
ples of inventions in many fields. 


Strandh, Sigvard. A History of the Machine. New fore 
A & W Publishers, 1980; 240 pp., illus.—The history o! 
chines, in readable text with attractive illustrations. 


Williams, Trevor |, A Short History of Twanitiath SATA 
Technology. New York: Oxford University Press, 1 p! 
pp., illus.—The way that modern technology developed. 


TRANSPORTATION 


Allen, G. Freeman. The Fastest Trains in the wono na 
York: Scribners, 1979; 160 pp., illus.—A unique oor of 
railroading, concentrating only on the high-speed trai 

the world. 


f 
Aylesworth, Thomas G. Cars, Boats, Trains and Plan e 
Today and Tomorrow. New York: Walker, 1975; 115 pen in 
—A concise survey of several possible dleyelopine 
transportation, from sea to outer space; for grades 6-¥. 


ir- 

Botting, Douglas. Shadow in the Clouds: The stony of 
ships. Baltimore: Penguin Books, 1975; 48 pp., illus, 
history and potential for lighter-than-air craft; for 9 
and up. 

: The 
Gudahy, Brian J. Under the Sidewalks of New Yon’ fe 
Story of the Greatest Subway System in the World. illus.— 
boro, Vt.: Stephen Greene Press, 1979; 176 Pei ani 
Treats the subject thoroughly, historically, techni 
politically. 


Dark, Harris Edward. Auto Engines of Tomorrow: Power Al- 
ternatives for Cars to Come. Bloomington: Indiana Univer- 
sity Press, 1975; 180 pp., illus.—Review of some of the work 
now going on in this field, 


Gibbs, Tony. Navigation: Finding Your Way on Sea and 
Land. New York: Franklin Watts, 1975; 88 pp., illus. —A good 
beginning text, mainly on the navigation of small boats. 


Grosser, Morton. Gossamer Odyssey: The Triumph of 
Human-Powered Flight. Boston: Houghton Mifflin, 1981; 275 
pp., illus.— T) human-powered aviation from the early 
nt; a remarkable engineering story. 


Jablonski, Edward. Man with Wings: A Pictorial History of 
Aviation. New York: Doubleday, 1980; illus.—A very reada- 
ble history for young people and adults. 


Joels, Kerry M., and Gregory P. Kennedy, The Space Opera- 
tor's Manual. New York: Ballantine, 1982; 160 pp., illus.— 
Instructions for operating and living in the space shuttle 
Columbia, with a fold-out instrument panel. 


Joseph, James. Chi/ton's Diesel Guide: Cars and Light 
Trucks. Radnor. Pa.: Chilton, 1980; 218 pp., illus.—The ad- 
vantages and drawbacks of diesel engines, and how they 
work, in terms comprehensible to the lay reader. 


Kolin, Michael J., and Denise M. de la Rosa. The Ten-Speed 
Bicycle. Emmaus. Pa.: Rodale Press, 1979; 312 pp., illus.— 
Excellent discussion of the design concepts and compo- 
nents of the ten-speed, with repair and maintenance tips. 


Knight, Geoffrey. Concorde: The Inside Story. New York: 
Stein & Day, 1976; 190 pp., illus —The history of the devel- 
opment of the controversial supersonic aircraft. 


Marshall, Jeff. The Bicycle Rider's Bible. New York: Double- 
day, 1981; illus —Covers every aspect of bicycle ownership 
and travel, in a readable style with many photographs. 


Moolman, Valerie, ed. The Road to Kitty Hawk. New York: 
Time-Life Books, 1980; illus.—A superb book, exploring the 
age-old urge to fly, from the ancients to the Wrights, 


Piggott, Stuart. The Earliest Wheeled Transport. Ithaca, N.Y.: 
Cornell University Press, 1983; 272 pp., illus.—A presenta- 
tion of the evidence for the adoption and use of wheeled 
vehicles from earliest times to the Roman Empire. 


Robinson, Anthony, ed. In the Cockpit: Flying the World's 
Great Aircraft. New York: Ziff-Davis, 1980; 304 pp., illus. — 
Fascinating anecdotal descriptions of more than 50 military 
aircraft, with short essays by the flyers. 


Schultz, Neil, The Complete Book of Safe Moped Operation 
and Repair. New York: Dolphin/Doubleday, 1980; illus.—De- 
Scribes the principles behind moped operation, with tips for 
Purchase, maintenance, and repair. 


Shacket, Sheldon R. The Complete Book of Electric Vehi- 
es. Northbrook, IIl.: Domus/Quality Books, 1979; 168 pp.. 


illus.—The hist -dri 
Vehicles, ory and recent resurgence of battery-driven 


Fren, Mervyn. Instruments of Flight: A Guide to the Pilot's 

in Panel of a Modern Airliner. New York: Crane, Russak, 

‘erin 124 pp., illus. —Good description of the tools of mod- 
"aviation, kept at a nonmathematical level. 


Taylor, John W. R., ed. Jane's All the World's Aircraft. New 
York: McGraw-Hill, revised yearly, illus —Complete cover- 
age of various aircraft, rockets, and spacecraft. 


Von Braun, Wernher, and Frederick |. Ordway, Ill. The Rock- 
et's Red Glare. Garden City, N.Y.: Anchor/Doubleday, 1976; 
230 pp., illus.—How rockets developed from ancient to 
modern times, and the different kinds of rockets today. 


Walsh, John Evangelist. One Day at Kitty Hawk: The Untold 
Story of the Wright Brothers and the Airplane. New York: 
Crowell, 1975; 305 pp., illus —The story of the first success- 
ful powered flight is told in detail. 


Whitt, Frank R., and David G. Wilson. Bicycling Science. 
Cambridge, Mass.: MIT Press, 1982; 364 pp., illus.—A tech- 
nical guide to changing bicycle design. 


COMMUNICATION 


Eber, Dorothy H. Genius at Work: Images of Alexander Gra- 
ham Bell. New York: Viking, 1982; 192 pp., illus.—The per- 
sonality and pioneering experiments of the noted inventor. 


Epstein, Sam, and Beryl Williams. The First Book of Printing. 
New York: Franklin Watts, 1974; illus,—Text suitable for 
grades 4-7. 


Kao, Charles K. Optical Fiber Systems. New York: McGraw- 
Hill, 1982; 204 pp., illus. —The technology, design, and appli- 
cations of fiber-optic technology. 


Krishef, Robert K. Playback: The Story of Recording De- 
vices. Minneapolis: Lerner, rev. ed., 1974—The technology 
of sound recording; for grades 5-11. 


Leinwoll, Stanley. From Spark to Satellite: A History of Radio 
Communication. New York: Scribners, 1979; 242 pp., illus.— 
Interesting, thorough coverage of the development of radio. 


Martin, James. The Wired Society. Englewood Cliffs, N.J.: 
Prentice-Hall, 1978; 250 pp.—Describes modern communi- 
cation devices and how they affect society; very readable. 


Meadow, Charles T. Sounds and Signals: How We Commu- 
nicate. Philadelphia: Westminster Press, 1975; 95 pp., illus. 
—The methods and uses of communication in the world 
today and possible developments in the future. 


O'Connor, Jerome J. The Telephone: How It Works. New 
York: Putnam, 1971, 94 pp., illus.—Clear presentation of 
the telephone’s functions; many good diagrams; for grades 
5-8. 


The Radio Amateur's Handbook. Newington, Conn.: Ameri- 
can Radio Relay League; revised annually—Standard man- 
ual for amateur radio enthusiasts; sometimes difficult. 


Schicke, C. A. Revolution in Sound. Boston: Little, Brown, 
1974; 246 pp., illus —An account of the phonograph record- 
ing industry; for grade 7 and up. 


Westcott, Charles G., and Richard F. Dubbe. Tape Recorders 
—How They Work. Indianapolis: Howard W. Sams, 2d ed., 
1974; 240 pp., illus.—Complete and helpful book intended 
for the serious student technician or ameteur hobbyist: for 
senior high school and up. 
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Abisch, Roz, and Boche Kaplan. Textiles. New York: Franklin 
Watts, 1975; 64 pp.—Textiles, from the Stone Age to the 
present, 


Hahn, James, and Lynn Hahn. Plastics. New York: Franklin 
Watts, 1974; 65 pp., illus—History, chemistry, and uses of 
plastics; for senior high school students and other readers. 


The International Book of Wood. New York: Simon & Schus- 
ter, 1977; 276 pp., illus.—The many uses of wood in art, 
architecture, and industry. 


Lyttle, Richard B. Paints, Inks and Dyes. New York: Holiday 
House, 1974; 178 pp., illus —Development and current tech- 
nology in making pigments, dyes, and so forth; safe Projects 
described; for grades 7-12. 


OTHER 
Electricity and Electronics 


Buffington, Charles. Your First Personal Computer. New 
York: McGraw-Hill, 1983; 326 pp., illus.—Help in making an 
informed buying decision and ways to integrate it into every- 
day life, 


Clifford, Martin. Basic Electricity and Beginning Electronics. 
Blue Ridge Summit, Pa.: TAB Books, 1973; 256 pp., illus —A 
useful reference with good line drawings; for high school 
students, 


Forester, Tom, ed. The Microelectronics Revolution: The 
Complete Guide to the New Technology and Its Impact on 
Society. Cambridge, Mass.: MIT Press, 1981; 589 pp.—Es- 
Says on the social implications of the new technology, de- 
tailed but within the lay person's grasp, 


Goldberg, Kenneth P., and Robert D. Sherwood. Microcom- 
puters. New York: John Wiley, 1983; 196 pp., illus —A par- 
ent's guide to computers: components, software, informed 
buying; how they are being used in schools, 


Kyle, James. Electronics Unraveled: A New Common-Sense 
Approach, Blue Ridge Summit, Pa.: TAB Books, 1974; 229 
Pp., illus., paper—An easy introduction to fundamentals of 
electronics and electricity, concluding with six projects; for 
junior high school and up. 


plete Home Guide. New York: Everest House, 1979; 225 pp., 
illus. —Highly accurate, interesting, and sometimes humor- 


Microscopes and Their Use 
Johnson, Gaylord, and Maurice Bleifield. Hunting with the 
Microscope. New York: Arco, rev. èd., deve" Inethuctions on 
how to use the Pocket lens and the compound microscope. 

Klein, Aaron E. The Electron Microscope: A Tool of Discov- 
ery. New York: McGra\ -Hill, 1974; 86 pp., illus —The theory 
and development of this instrument. 


Technology in the Home 


Drake, George. Everyone's Book of Hand and Small P 
Tools. Reston, Va.: Reston, 1974: 338 PP., illus — Useful 
guide for the home carpenter. 
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Jackson, Albert, and David Day. Too!s and How to Use Them: 
An Illustrated Encyclopedia. New Knopf, 1978; 352 
pp., illus.—A most useful book home carpenters, 
plumbers, gardeners, and others. 


McClintock, Michael. Homeowner's Energy Investment 
Handbook. Andover, Mass.: Brick House, 1982: 116 PP., 
illus.—a guide to making money-s ing, energy-efficient 
home improvements. 


Mueller, Larry. Successful Home Electrical Wiring. Milwau- 
kee, Wisc.: Structures Publishing, 1980; 144 Pp., illus.— 
Thorough step-by-step manual tor iring or rewiring a 
house. 


Miscellaneous 


Asimov, Isaac. A Choice of Catastrophes. New York: Simon 
& Schuster, 1979; 384 pp.—Refreshingly optimistic view of 
how people can solve their problems ù ing technology and 
intelligence creatively. 


Baynes, Ken, and Francis Pugh. The Art of the Engineer. 
New York: Overlook Press, 1981; 240 pp. illus. —Engineer- 
ing drawings demonstrating the skills o! craftsmanship in a 
rapidly changing technological envir ent 


Cobb, Vicki. Supersuits. Philadelphia ippincott, 1975; 95 
pp., illus—Fascinating account of ihe special suits de- 
signed to protect against such environments as space, the 
deep ocean, and so on; for grades 5-9. 


Danilov, Victor J. Science and Techne logy Centers. eee 
bridge, Mass.: MIT Press, 1982; 355 pp., illus. Development 
and description of museums of science and technology. 


Fuller, R. Buckminster. Synergetics: Explorations in the Ge- 
ometry of Thinking. New York: Macmillan, 1982; 876 
illus.—Descriptions of Fuller's mathematical advances an 
Practical inventions as well as his ways of looking at things. 


Hammer, Mark J. Water and Waste-water Technology. ie 
York: John Wiley, 1975; 512 pp., illus.—How municipal 
obtain fresh water and dispose of wastewater. 


Heavens, O. S. Lasers. New York: Scribners, 1973; Ua pe 
illus.—Good introductory work, covering principles Be 
kinds of lasers and their future uses; for the general rea 


Hopkins, Robert A. The International (SI) Metric System 
How It Works, Tarzana, Calif.: AMJ Publishing/Polyme öf 
Services, 1973; 281 pp., illus.—Contains several chap! “iy 
tables and conversion factors and includes many units 

in industry. 


Jones, Pamela. Under the City Streets. New York: Hi 
Rinehart & Winston, 1979; 275 pp., illus, —All the taone city 
cal mainstays of society found underground in a big 
(New York), from water mains to subway trains. 

f 
Sagan, Carl. Broca's Brain: Reflections on the Romanaj 
Science. New York: Random House, 1979; 347 PP myi ee 
and stylish essays on such diverse topics as astronomy, 
trophysics, and robots. 
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Smith, Norman. Man and Water: A History of Hy 
ogy. New York: Scribners, 1976; 239 pp., illus.—! 
have developed technologies for using water in ag 
and power generation. 


NOBEL PRIZE WINNERS IN SCIENCE 


Alfred Bernard Nobel, the 19th-century Swedish 
engineer who invented dynamite, left $9,000,000 in a 
fund to provide yearly awards for people whose work 
has benefited mankind. There are five Nobel Prizes— 
in physics, chemistry, medicine or physiology, liter- 
ature, and for the promotion of peace. The physics and 
chemistry prizes are awarded by the Royal Academy 
of Science in Stockholm; the medicine prizes by the 
Karolinska Medical-Chirurgical Institute in Stock- 
holm; the literature prizes by the Swedish Academy in 
Stockholm; the peace prizes by the Swedish Parlia- 
ment. The names of candidates are submitted by per- 
sons qualified in the various fields. Although the win- 
ners are generally announced earlier in the year, the 
actual ceremony of awarding the prizes takes place an- 
nually on the anniversary of Nobel's death, December 
10. A gold medal and a diploma accompany the 
money. The dollar value of the prize varies. 

Following are the Nobel Prize winners in physics, 
chemistry, and medicine or physiology from the 1901, 
when the prizes were first awarded, to the present 
time. We give the specific contributions for which 


prizes were granted 


Jacobus H. van't Hoff (Neth- 
erlands): discovery of laws of 
chemical dynamics and osmotic 


Emil Fischer (Germany): experi- 


Svante A. Arrhenius (Sweden): 
theory of electrolytic dissociation. 


Sir William Ramsay (England): 


Adolph von Baeyer (Germany): 
research on organic dyes and aro- 


Year Physics Chemistry 
1901 Wilhelm K. Roentgen (Ger- 

many): discovery of Roentgen 

rays, or X rays. 

pressure. 

1902 Hendrik A. Lorentz (Neth- 

erlands) and Pieter Zeeman ments in sugar and purin groups. 

(Netherlands): research on 

influence of magnetism upon 

radiation, 
1903 Antoine-Henri Becquerel 

(France): research on sponta- 

neous radioactivity. 

Pierre Curie (France) and 

Marie Curie (France): series 

of outstanding discoveries in 

the field of radiation. 
1904 John Strutt (England): discov- 

ery of argon. work on inert gases. 
19 iz 

0S Philipp. Lenard (Germany): 
work on cathode rays. 
matic hydrocarbons. 

1906 


Joseph J. Thomson (England): 
Tesearch on passage of elec- 
tricity through gases. 


Henry Moissan (France): isola- 
tion of fluorine; development of 
electric furnace. 


(AMERICAN-S WEDISH NEWS EXCHANGE) 


Medicine or Physiology 


Emil A. von Behring (Germany): 
research on use of serums against 
diphtheria. 


Ronald Ross (England): work on 
malaria. 


Niels R. Finsen (Denmark): treat- 
ment of lupus vulgaris with light- 
rays. 


Ivan P. Pavlov (Russia): research 
on physiology of digestion. 


Robert Koch (Germany): work 
on tuberculosis. 


Camillo Golgi (Italy) and San- 
tiago Ramon y Cajal (Spain): 
research on structure of nervous 
system. 
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Year 


1907 


1908 


1909 


1910 


1911 


1912 


1913 


1914 


1915 


1916 
1917 


1918 


1919 


1920 


Physics 


Albert A. Michelson (U.S.): 
research on spectroscopy and 
metrology. 


Gabriel Lippmann (France): 
work on reproduction of 
colors by photography. 


Guglielmo Marconi (Italy) 
and Karl Ferdinand Braun 
(Germany): development of 
radio. 


Johannes D. van der Waals 
(Netherlands): theory of equa- 
tion of state for gases and liq- 
uids. 


Wilhelm Wien (Germany): 
laws of radiation of heat. 


Gustaf Dalén (Sweden): in- 
vention of automatic regula- 
tors for lighting lighthouses 
and light buoys. 


H. Kamerlingh-Onnes (Neth- 
erlands): research paving 
way for production of liquid 
helium. 


Max von Laue (Germany): 
discovery of the diffraction of 
X rays as they pass through 
crystals. 


W. H. Bragg (England) and 
W. L. Bragg (England): analy- 
sis of crystal structure by use 
of X rays. 


No award. 


Charles G. Barkla (England): 
discovery of Roentgen radia- 
tion of the elements, 


Max Planck (Germany): work 
on quantum theory. 


Johannes Stark (Germany); 
decomposition of spectrum 
lines by electric fields; discoy- 
ery of Doppler effect in canal 
rays. 


Charles E. Guillaume (Swit- 
zerland): research on nickel- 
steel alloys. 


Chemistry 


Eduard Buchner (Germany): dis- 
covery of cell-less fermentation; 
researches in the field of bio- 
chemistry. 


Ernest Rutherford (England): re- 
search on disintegration of ele- 
ments and chemistry of radioac- 
tive substances. 


Wilhelm Ostwald (Germany): re- 
search on catalysis, chemical 
equilibrium, and rate of chemical 
reaction. 


Otto Wallach (Germany): work 
on alicyclic compounds, 


Marie Curie (France): discovery 
of radium and polonium. 


Victor Grignard (France): devel- 
opment of Grignard reagent. 
Paul Sabatier (France): work on 
hydrogenation of organic com- 
pounds, 


Alfred Werner (Switzerland): 
work on linking up atoms within 
the molecule. 


Theodore W. Richards (U. S.): 
determining atomic weight of 
many elements. 


Richard Willstaetter (Germany): 
work on nature of chlorophyll and 
other coloring matter of plants. 


No award. 


No award, 


Fritz Haber (Germany): synthetic 
production of ammonia by the 
Haber process. 


No award. 


Walther Nernst (Germany): work 
on thermochemistry. 


Medicine or Physiology 


Charles L. A. Laveran (France): 
research on role of protozoa in 
disease. 


Paul Ehrlich (Germany) and Elie 
Matchnikoff (Russia): work on 
immunity, 


Emil Theodor Kocher (Swit- 
zerland): work on thyroid gland. 
Albrecht Kossel (Germany): re- 


search on chemistry of the cell. 


Allvar Gullstrand (Sweden): work 
on dioptrics, 
Alexis Carrel (U. S.): work on lig- 


ature and grafting of blood vessels 
and organs. 


Charles Richet (France): re- 
search on anaphylaxy 


Robert Bárány (Austria): re- 
search on the physiology and pa- 
thology of vestibular system 
within the body. 


No award. 


No award. 


No award. 


No award. 


Jules Bordet (Belgium): research 
on immunity. 


Schack August Krogh (Den- 
mark): research on motor mecha- 
nism of capillaries. 


Year 


1921 


1922 


1923 


1924 


1925 


1926 


1927 


1928 


1929 


1930 


1931 


1932 


Physics 


Albert Einstein (Germany): 
basis of photoelectric effect. 


Niels Bohr (Denmark): re- 
search on structure of atoms 
and radiations from atoms. 


Robert A. Millikan (U. S.): 
research on photoelectric phe- 
nomena and charge on elec- 
tron 


Karl M. G. Siegbahn (Swed- 
en): work on X-ray spectro- 
scope 


James Franck (Germany) and 
Gustav Hertz (Germany): dis- 
covery of laws governing im- 
pact of electrons upon atoms. 


Jean-Baptiste Perrin (France): 
work on discontinuous struc- 
ture of matter; equilibrium 
of sedimentation, 


Arthur H. Compton (U. S.): 
discovery of Compton phe- 
nomenon. 

Charles T. R. Wilson (Eng- 
land): paths taken by elec- 
trically charged particles. 


Owen W. Richardson (Eng- 
land): work on thermionics: 
Richardson Law. 


Prince Louis-Victor de Broglie 
(France): discovery of wave 
character of electrons, 


Sir Chandrasekhara V. 
Raman (India): work on dif- 
fusion of light; discovery of 
Raman effect. 


No award. 


Werner Heisenberg (Ger- 
many): development of quan- 
tum mechanics. 


Chemistry 


Frederick Soddy (England): work 
on isotopes. 


Francis W. Aston (England): dis- 
covery of isotopes in nonradioac- 
tive elements. 


Fritz Pregl (Austria): microanal- 
ysis of organic substances. 


No award. 


Richard Zsigmondy (Germany; 
born in Austria): work on colloid 
solutions. 


Theodor Svedberg (Sweden): 
work on dispersion systems. 


Heinrich Wieland (Germany): 
work on bile acids and similar 
substances. 


Adolph Windaus (Germany): 
work on constitution of sterols, 
their connection with vitamins. 


Arthur Harden (England) and 
Hans K. A. S. von Euler-Chelpin 
(Sweden): work on fermentation 
of sugars. 


Hans Fischer (Germany): work 
on coloring matter of blood and 
leaves; synthesis of hemin. 


Friedrich Bergius (Germany) and 
Karl Bosch (Germany): develop- 
ment of chemical high-pressure 
methods. 


Irving Langmuir (U. S.): work on 
surface chemistry. 


Medicine or Physiology 


No award. 


Archibald V. Hill (England): work 
on heat production in muscles, 
Otto Meyerhof (Germany): dis- 
covery of correlation between 
consumption of oxygen and pro- 
duction of lactic acid in the mus- 
cles. 


Frederick G. Banting (Canada) 
and John J. R. McLeod (Canada): 
discovery of insulin. 


Willem Einthoven (Netherlands): 
discovery of mechanism of elec- 
trocardiogram. 


No award. 


Johannes Fibiger (Denmark): re- 
searches on cancer. 


Julius Wagner-Jauregg (Austria): 
use of malaria inoculation in treat- 
ing dementia paralytica. 


Charles Nicolle (France): work 
on typhus exanthematicus. 


Sir Frederick G. Hopkins 
(England): discovery of growth- 
promoting vitamins. 

Christiaan Eijkman (Nether- 
lands): discovery of antineuritic 
vitamins. 


Karl Landsteiner (U. S.); discov- 
ery of human blood groups. 


Otto Warburg (Germany): work 
on respiratory ferment. 


Sir Charles S. Sherrington 
(England) and Edgar D. Adrian 
(England): functions of neuron. 
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Year 


1933 


1934 


1935 


1936 


1937 


1938 


1939 


1940 
1941 
1942 


1943 


1944 


1945 


1946 


Physics 


Paul A. M. Dirac (England) 
and Erwin Schroedinger (Aus- 
tria): discovery of various new 
forms of the atomic theory. 


No award. 


James Chadwick (England): 
discovery of neutron. 


Victor F. Hess (Austria): dis- 
covery of cosmic radiation. 
Carl D. Anderson (U. S.): dis- 
covery of positron. 


Clinton J. Davisson (U. S.) 
and George P. Thomson 
(England): discovery of dif- 
fraction of electrons by crys- 
tals, 


Enrico Fermi (Italy): iden- 
tification of new radioactive 
elements; nuclear reactions ef- 
fected by slow neutrons. 


Ernest O. Lawrence (U, S.): 
development of cyclotron. 


No award, 
No award, 
No award, 


Otto Stern (U. §,): detection 
of magnetic moments of pro- 
tons, 


Isidor Isaac Rabi (U. S): 


work on magnetic properties 
of atomic particles, 


Wolfgang Pauli (Austria): 
work on atomic fission. 


Percy W, Bridgman (U. S.): 


work on high-pressure phys- 
ics. 


Chemistry 


No award. 


Harold C. Urey (U. S.): discov- 
ery of heavy hydrogen. 


Frédéric and Iréne Joliot-Curie 
(France): synthesis of new radio- 
active elements. 


Peter J. W. Debye (Germany): 
work on dipole moments and 
diffraction of X rays and electrons 
in gases, 


Walter N. Haworth (England): 
research on carbohydrates and vi- 
tamin C. 

Paul Karrer (Switzerland): work 
on carotenoids, flavins, and vi- 
tamins A and B. 


Richard Kuhn (Germany): study 
of carotenoids; research on vi- 
tamins. 


Adolph F. Butenandt (Germany): 
work on sexual hormones, 

Leopold Ruzicka (Switzerland): 
research on the polymethylenes, 


No award. 
No award, 
No award. 


Georg von Hevesy (Hungary); 
work on use of isotopes as chemi- 
cal indicators, 


Otto Hahn (Germany): work on 
atomic fission. 


Artturi Virtanen (Finland): re- 
search in field of fodder conserva- 
tion. 


James B. Sumner (U. S.): crys- 
tallizing of enzymes. John H. 
Northrop (U, S.) and Wendell M. 
Stanley (U. S.): preparation of 
enzymes and virus proteins. 


Medici r Physiology 


Thomas H. Morgan (U. S.): re- 
search on hereditary function of 
chromosome 


George R. Minot (U. S.), William 


P. Murphy (U S.), and George H. 
Whipple (\ ): discovery of 
liver therapy treatment of ane- 
mia. 

Hans Spem Germany): dis- 
covery of organizer effect in em- 
bryonic development. 


Sir Henry H le (England) and 


Otto Loewi stria): work on 
chemical transmission of nerve 
impulses. 

Albert Szent-Györgyi von 
Nagyrapolt (Hungary): research 
on biological combustion. 


Corneille Heymans (Belgium): 
research on importance of sinus 
and aorta mechanisms in regula- 
tion of respiratior 

Gerhard Domagk (Germany): 


discovery of antibacterial effect of 
prontocilate 


No award. 
No award. 
No award. 


Edward A. Doisy (U. S.) and 
Henrik Dam (Denmark): discov- 
ery of the chemical nature of vi- 
tamin K. 


Joseph Erlanger (U. S.) and H 
bert S. Gasser (U. S.): researc 
on functions of nerve threads. 


Sir Alexander Fleming (England), 
Ernst Boris Chain (Germany). 
and Sir Howard Walter Florey 
(England): development of pemi 
cillin, derived from the mo 
Penicillium notatum. 


Herman J. Muller (U, S.): ax 
search on hereditary effects © 
rays on genes. 


Year 


1947 


1948 


1949 


1950 


1951 


1952 


1953 


1954 


1955 


1956 


Physics 


Sir Edward Appleton 
(England): discovery of layer 
reflecting radio short waves in 
ionosphere. 


Peotrick M. S. Blackett 
(England): improvement on 
Wilson cloud chambers; series 
of outstanding discoveries in 
cosmic radiation. 


Hideki Yukawa (Japan): 
hematical prediction of 
>xistence of meson. 


Cecil Frank Powell (England): 
development of simple pho- 
tographic method for studying 
atomic nucleus; work on 


mesons. 


Sir John Cockcroft (England) 
T. S. Walton (Ireland): 


and £ 


experiments in splitting atomic 
nuclei with artificially pro- 
pelled “bullets.” 

Felix Bloch (U. S.) and 


Edward M. Purcell (U. S.): de- 
velopment of new method of 
measuring magnetic fields in 
atomic nuclei. 


Fritz Zernike (Netherlands): 
development of microscope 
for study of living cells colored 
by light waves. 


Max Born (Germany): fun- 
damental work in quantum 
mechanics. Walther Bothe 
(Germany): development of 
coincidence method in the 
study of cosmic radiation. 


Willis E. Lamb (U. S.): work 
on the hydrogen spectrum. 
Polykarp Kusch (U. S.): pre- 
cision measurement of the 
magnetic moment of the elec- 
tron. 


William B. Shockley (U. S.), 
Walter H. Brattain (U. S.), 
and John Bardeen (U. S.): de- 


Chemistry 


Sir Robert Robinson (England): 
work on plant substances. 


Arne Tiselius (Sweden): biochem- 
ical discoveries; isolation of 
mouse-paralysis virus. 


William F. Giauque (U. S.; born 
in Canada): research in field of 
thermodynamics. 


Otto Diels (Germany) and Kurt 
Alder (Germany): development 
of diene synthesis, a method by 
which certain aromatic com- 
pounds are made artificially, 


Glenn T. Seaborg (U. S.) and 
Edward M. McMillan (U. S.): dis- 
covery of plutonium. 


Archer Martin (England) and 
Richard Synge (Scotland): devel- 
opment of paper partition chro- 
matography. 


Hermann Staudinger (Germany): 
work on synthesizing of fiber. 


Linus Pauling (U. S.): work on 
the nature of chemical bonds, es- 
pecially as applied to the struc- 
ture of complicated substances. 


Vincent du Vigneaud (U. S.): 
identification and synthesis of 
two hormones—oxytocin and va- 
sopressin. 


Sir Cyril N. Hinshelwood 
(England) and Nikolai N. Se- 
menov (U.S.S.R.): independent 


Medicine or Physiology 


Carl F. Cori (U. S.) and Gerty T. 
Cori (U. S.): work on animal- 
starch metabolism. 

Bernardo Houssay (Argentina): 
hormone study of pituitary gland. 


Paul Mueller (Switzerland): dis- 
covery of insecticidal properties 
of DDT. 


Walter R. Hess (Switzerland): 
discovery of how parts of brain 
control different parts of body. 
Antonio Caetano de Abreu Freire 
Egas Moniz (Portugal): develop- 
ment of neurosurgery for treat- 
ment of mental illness. 


Philip S. Hench (U. S.), Edward 
C. Kendall (U. S.), and Tadeus 
Reichstein (Switzerland): dis- 
coveries regarding hormones of 
adrenal cortex, their structure, 
and their biological effect. 


Max Theiler (South Africa): dis- 
covery of effective vaccines pro- 
tecting human beings against yel- 
low fever. 


Selman A. Waksman (U. S.): dis- 
covery of streptomycin, first ef- 
fective antibiotic against tubercu- 
losis. 


Fritz A. Lipmann (U. S.) and 
Hans A. Krebs (England): re- 
search on basic life processes 
carried on in human cells. 


John F. Enders (U. S.), Thomas 
H. Weller (U. S.), and Frederick 
C. Robbins (U. S.): discovery 
that the poliomyelitis virus is 
capable of growing in cultures of 
different tissues. 


Hugo Theorell (Sweden): work 
on the nature and action of oxida- 
tion enzymes. 


Dickinson W. Richards, Jr. (U. 
S.), Andre Cournand (U. S.), and 
Werner Forssman (F. G. R.): de- 
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Year 


1957 


1958 


1959 


1960 


1961 


1962 


1963 


1964 


1965 


Physics 


velopment of the electronic 
transistor. 


Tsung Dao Lee (U. S.) and 
Chen Ning Yang (U. S.: 
atomic research disproving the 
principle of conservation of 
parity. 


PavelA,Cherenkov(U.S.S.R.). 
Ilya M. Frank (U.S.S.R.). 
and /gor E. Tamm (U.S.S.R.): 
work with high-speed suba- 
tomic particles. 


Emilio Segre (U. S.) and 
Owen Chamberlain (U. S.): 
proof of existence of anti-pro- 
ton, negative counterpart of 
proton, 


Donald A. Glaser (U. S.): de- 
velopment of bubble chamber, 
used in measuring energy of 
atoms accelerated in atom 
smashers. 


Robert Hofstadter (U. S.) and 
Rudolf Moessbauer (F.G.R.): 
Hofstadter for work on core 
of atom; Moessbauer for 
gamma-ray research. 


Lev Davidovich Landau 
(U.S.S.R.): researches in field 
of cryogenics. 


Eugene P. Wigner (U. S.), 
Maria G. Mayer (U. S.), and 
J. Hans D. Jensen (F. G. R.): 
work on the structure of the 
atomic nucleus. 


Charles H. Townes (U. §.), 
Aleksander M. Prokhorov 
(U.S.S.R.), and Nikolai G. 
Basov (U.S.S.R.): discovery 
and development of masers 
and lasers, 


Julian Schwinger (U. S$), 
Richard P. Feynman (U. S.), 
and Shinichiro Tomonaga 


Chemistry 


but parallel research on chemical 
kinetics leading to the improve- 
ment of the internal combustion 
engine and the development of 
modern plastics. 


Sir Alexander Todd (England): 
research on nucleotides and nu- 
cleotide enzymes, chemical com- 
pounds known to be factors in he- 
redity. 


Frederick Sanger (England): re- 
search on the structure of insulin. 


Jaroslav Heyrovsky (Czecho- 
slovakia): development of elec- 
trolytic method of chemical 
analysis. 


Willard F. Libby (U. S.): devel- 
opment of radiocarbon dating 
technique. 


Melvin Calvin (U. S.): research 
on carbon-dioxide assimilation in 
plants. 


John C. Kendrew (England) and 
Max F. Perutz (England): use of 
X rays to determine position of 
atoms in two protein mole- 
fa avoeiobin and hemoglo- 
in. 


Carl Ziegler (F. G. R.) and Giulio 
Natta (Italy): polymerization of 
hydrocarbon molecules into com- 


plex compounds of industrial 
value. 


Dorothy © rowfoot Hodgkin 
(England): determination of 
Structures of vital biochemical 
compounds, including vitamin 
B,s, through use of X rays. 


Robert B. Woodward (U. S.): 
work on syntheses of compli- 
cated organic compounds. 


Medicine or Physiology 


velopment of a new technique of 
diagnosis and treatment of heart 
disease. 


Daniel Bovet (Italy): develop- 
ment of antihistamines and drugs 
based on curare—a South Ameri- 
can Indian arrowtip poison—to 
desensitize and relax muscles 
subjected to prolonged surgery. 


Joshua Lederberg (U. S.) 
Edward L. Tatum (U. S.), and 
George W. Beadle (U É 
search in genetics 


Arthur Kornberg (U. S.) and 
Severo Ochoa (U. S.): work on 
RNA and DNA 

Peter B. Medawar (England) and 


Macfarlane Burnet (Australia): 
breaking of “immunity barrier” 
that (with few exceptions) had 
prevented permanent transplants 
of different body parts 


Georg von Bekesy (U. S.): work 
on mechanics of hearing. 


Francis H. C. Crick (England), 
James D. Watson (U. S.), and 
Maurice H. F. Wilkins (England): 
determination of structure of 
DNA. 


Alan L Hodgkin (England), 
Andrew F. Huxley (England), and 
John C. Eccles (Australia): work 
on the nature and transmission of 
nerve impulses. 


Feodor Lynen (F. G. R.) and 
Konrad E. Bloch (U. S.): re- 
searches on cholesterol. 


André Lwoff (France), Jacques 
Monod (France), and François 
Jacob (France): work on the 


Year 


1966 


1967 


1968 


1969 


1970 


1971 


1972 


1973 


1974 


1975 


Physics 


(Japan): researches on mathe- 
matical relationships between 
elementary particles. 


Alfred Kastler (France): basic 
research that led to the devel- 
opment of the laser. 


Hans A. Bethe (U. S.): work 
on nuclear reactions, es- 
pecially discoveries concern- 
ing the energy of stars. 


Luis W. Alvarez (U. S.): de- 
tection of new atomic par- 
ticles with hydrogen bubble 
chamber 


Murray Gell-Man (U. S.): re- 
search and theories on atomic 
particles 


Louis E. F. Néel (France) and 
Hannes O. G. Alfven 
(Sweden): Néel for work on 


magnetism; Alfvén for re- 
search on plasmas, or ionized 
gases 


Dennis Gabor (U. S.): devel- 
opment of holography, or 
three-dimensional lensless 
Photography, 


John Bardeen (U. S.), Leon N. 
Cooper (U. S.), and John R. 
Schrieffer (U.S.): work on 
theory of electrical supercon- 
ductivity in metals at very low 
temperatures. 


Leo Esaki (Japan), Ivar 
Giaever (U, S.), and Brian D. 
Josephson (England): re- 


search on electronic tunneling 
in solids. 


Martin Ryle (England) and 
Antony Hewish (England): re- 
search in radio astronomy. 


Aage Bohr (Denmark), Ben R. 
Mottelson (Denmark), and 
James Rainwater (U. S.): de- 
velopment of the theory of the 
structure of the atomic 
nucleus; research in nuclear 
structure, 


Chemistry 


Robert S. Mulliken (U. S.): fun- 
damental work on chemical 
bonds and electronic structure. 


Manfred Eigen (F. G. R., 
Ronald G. W. Norrish (England), 
and George Porter (England): 
studies of extremely fast chemi- 
cal reactions. 


Lar Onsager (U. S.): work on ir- 
reversible chemical processes. 


Derek H. R. Barton (England) 
and Odd Hassel (Norway): con- 
formational analysis of the struc- 
ture of organic compounds. 


Luis F. Leloir (Argentina): work 
on biochemistry of sugar and 
higher carbohydrates. 


Gerhard Herzberg (Canada): 
work on molecular structure and 
free radicals. 


Christian B. Anfinsen (U. S.), 
Stanford Moore (U. S.) and 
William H. Stein (U. S.): work 
on enzyme ribonuclease, its for- 
mation and effects in living cells. 


Ernst O. Fischer (F. G. R.) and 
Geoffrey Wilkinson (England): 
work on auto exhaust pollutants. 


Paul J. Flory (U. S.): research on 
the structure of plastics and other 
polymers. 


John W. Cornforth (Australia) 
and Vladimir Prelog (Swit- 
zerland): synthesis of important 
organic compounds; research in 
stereochemistry. 


Medicine or Physiology 


chemical basis of genes. 


Charles B Huggins (U. S.) and 
Francis P. Rous (U. S.): out- 
standing cancer research. 


Haldan K. Hartline (U. S.), 
George Wald (U. S.), and Ragnar 
Granit (Sweden): discoveries 
concerning chemical and physical 
visual processes. 


Marshall W. Nirenberg (U. S.), 
Robert W. Holley (U. S.), and 
Har Gobind Khorana (U. S.): 
research on nucleic acids. 


Max Delbrück (U. S.) and Sal- 
vador Luria (U. S.): research on 
molecular genetics of viruses. 


Bernard Katz (England), Ulf von 
Euler (Sweden), and Julius Ax- 
elrod (U. S.): work on chemistry 
of nerve impulses. 


Earl W. Sutherland, Jr. (U. S.): 
work on cyclic AMP, a regulator 
of hormone activity in the body. 


Gerald M. Edelman (U. S.) and 
Rodney R. Porter (England): re- 
search on chemical structure of 
antibodies, part of immunity sys- 
tem. 


Konrad Z. Lorenz (Austria), Karl 
von Frisch (Austria), and 
Nikolaas Tinbergen (Nether- 
lands): research on animal behav- 
ior (ethology). 


Albert Claude (U. S.), George 
Emil Palade (U. S.), and Chris- 
tian Rene de Duve (Belgium): 
research in cell biology. 


Renato Dulbecco (Italy), Howard 
M. Temin (U. S.), and David Bal- 
timore (U. S.): research on the 
role that viruses play in the 
growth of tumors. 
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Year 


1976 


1977 


1978 


1979 


1980 


1981 


1982 


1983 


Physics 


Burton Richter (U.S.) and 
Samuel C. C. Ting (U.S.): dis- 
covery of the “‘J’* particle, a 
new kind of subatomic parti- 
cle. 


John H. Van Vleck (U.S.), 
Philip W. Anderson (U.S.), 
and Sir Nevill F. Mott (En- 
gland): independent contribu- 
tions to solid-state physics. 


Arno A, Penzias (U.S.) and 
Robert W. Wilson (U.S.): for 
detecting background radia- 
tion, which supports the “big 
bang" theory of creation of 
the universe. Pyotr Leonido- 
vich Kapitsa (U.S.S.R.): for 
pioneering work in low-tem- 
perature physics. 


Sheldon L. Glashow (U.S.), 
Abdus Salam (Pakistan), and 
Steven Weinberg (U.S.): for 
calculations contributing to a 
theory that unifies two basic 
forces—electromagnetism, and 
the “weak interaction,” which 
causes radioactivity in certain 
atoms, 


James W. Cronin (U.S.) and 
Val L. Fitch (U.S.): for dis- 
coveries concerning the sym- 
metry of subatomic particles. 


Nicolaas Bloembergen (U.S.) 
and Arthur Schawlow (U.S.): 
for using lasers to analyze the 
chemical makeup of sub- 
stances. Kai Siegbahn (Swe- 
den): for a focusing technique 
using X rays and ultraviolet 
light in chemical analysis. 


Kenneth G. Wilson (U.S.): for 
explaining phenomena inher- 
ent in such phase changes as 
that from solid to liquid and 
from magnetic to nonmag- 
netic. 


William A. Fowler (U.S.) and 
Subrahmanyan Chandrasek- 
har (U.S.); for explorations of 
what happens as stars age, ex- 
haust their nuclear fuel, build 
heavy elements, and collapse. 


Chemistry 


William N. Lipscomb (U.S.): 
analysis of the structure of bor- 
anes, a group of unusual inorganic 
compounds. 


Ilya Prigogine (Belgium); work on 
thermodynamics. 


Peter Mitchell (England); for a 
new theory of how energy is 
transferred in cells. 


Herbert C. Brown (U.S.) and 
Georg Wittig (West Germany): 
for devising a method of synthe- 
sizing biologically active sub- 
stances such as hydrocortisone. 


Paul Berg (U.S.), Walter Gilbert 
(U.S.), and Fredrick Sanger (En- 
gland): for development of meth- 
ods for mapping and manipulating 
DNA. 


Kenichi Fukui (Japan) and Roald 
Hoffmann (U.S.): for using quan- 
tum mechanics to explain chemi- 
cal reactions. 


Aaron Klug (England): for devel- 
opment of techniques for studying 
the intricate structures of viruses 
and other biologically important 
structures. 


Henry Taube (U.S.): for work in 
the mechanism of the transfer of 


electrons in metals in chemical re- 
actions. 


Medicine or Physiology 


Baruch S. Blumberg (U.S.) and 
D. Carleton Gajdusek (U.S.): 
Blumberg for discovery of hepa- 
titis antigens; ssek for how 
the disease kuru is transmitted. 

Rosalyn S. Yalow (U.S.), Roger 


C. L. Guillemin (U.S.), and 
Andrew V. $ y (U.S.): inde- 
pendent research on human hor- 
mones. 


S.), Hamilton 


Daniel Nathans (l 


O. Smith (U.S.), and Werner 
Arber (Switzerla for work 
with restriction enzymes, of 
which Dr. Arber was the discov- 
erer. 


Allan MacLeod Cormack (U.S.) 
and Godfrey Newbold Hounsfield 
(England): for developing the 
computer axial tomographic scan- 
ner, which is a computer-assisted 
X-ray apparatus. 


Baruj Benacerraf (U.S.), George 
D. Snell (U.S.), and Jean Dausset 
(France): for discoveries concern- 
ing the genetics of the immune 
system. 


Roger W. Sperry (U.S.): for dem- 
onstrating specialization of the 
hemispheres of the brain. David 
H. Hubel (U.S.) and Torsten N. 
Wiesel (U.S.): for studies of how 
the brain processes visual infor- 
mation. 


Sune Bergstrom (Sweden), Beng! 
I. Samuelsson (Sweden), and 
John R. Vane (England): for work 
on the hormonelike substances 
known as prostaglandins. 


Barbara McClintock (U.S.): for 
the discovery that the genes ofa 
plant can transpose from one 
chromosome to another. 


MATHEMATICAL SYMBOLS 


5 sigma; sum of the quantities + positive; plus 
in a statement preceded by - negative; minus 
that sign x multiplied by 
Ax an increment, or change in x for + divided by 
f integral sign = equals; is equal to 
n! torial; product of all + does not equal; is not equal to 
egers up to and including n = congruent; approximately 
i equal to 
m double prime = equivalent 
x anc > is greater than 
if perpendicular = is greater than or equal to 
I parallel < is less than 
n pi; ratio of the circumference = is less than or equal to 
of a circle to its diameter— a is directly proportional to 
approximately 3.14 æ% infinity 
(0 origin of a coordinate system |x| absolute value of x 
sin sine of an angle a” a, a number, raised to the nth 
cos cosine of an angle power 
tan tangent of an angle Va square root of a 
cot cotangent of an angle Va nthrootofa 
sec secant of an angle i square root of — 1 
esc cosecant of an angle e Euler's number; base in 
A=B set A coincides with set B system of natural logarithms— 
ACB set Aisa subset of B approximately 2.718 
AUB union of sets A and B log.x logarithm of x in base a 
ANB intersection of sets A and B In x logarithm of x in base e: 
Ø the null set natural logarithm of x 


antilog antilogarithm 


IMPORTANT CONSTANTS FOR THE PHYSICAL SCIENCES 


Velocity of light in a vacuum 299,792,458 meters/second 
Velocity of sound in air (at STP) 330 meters/second 


(e 


Acceleration of gravity at the g 9.8 meters/second? 
earth's surface 
Gravitational constant G 6.67 Newton-meters/second? 
Planck's constant h 6.63 x 10-* joule-second 
Avogadro's number N 6.02 x 10% molecules/mole 
Gas constant R 8,300 joules/kilomole-°K 
araday constant F 96,500,000 coulombs/kilomole 
Atomic mass unit amu 1.66 x 10-7 kilogram 
Rest mass of the electron M. 9.1 x 10- kilogram 
est mass of the proton M, 1.67 x 10-7 kilogram 
est mass of the neutron M, 1.67 x 10-7 kilogram 
tmosphere atm 1 Newton/centimeter? 


pe Siy of water at 4° Celsius 1 gram/centimeter? 
ensity of dry air at STP 0.0013 gram/centimeter è 


Specific heat of water 

Specific heat of water vapor 

Specific heat of ice 

Specific heat of dry air 

Boiling point of water 

Freezing point of water 

Heat of fusion of ice 

Heat of vaporization of water 

Light-year 

Parsec 

Astronomical unit (average distance 
from earth to sun) 

Distance from the earth to the moon (average) 

Mass of the sun 

Mass of the earth 

Mass of the moon 

Diameter of the sun (equator) 

Diameter of the earth (equator) 

Diameter of the moon (equator) 

Mean density of the sun 

Mean density of the earth 

Mean density of the moon 


1 kilocalorie/kilogram-"Celsius 
0.5 kilocalorie/kilogram-°Celsius 
0.5 kilocalorie/kilogram-°Celsius 
kilocalorie/kilogram-°Celsius 
100° Celsius 

0° Celsius 

80 kilocalories/kilogram 

540 kilocalories/kilogram 
9,600,000,000,000 kilometers 
3.26 light-years 

149,600,000 kilometers 


384,400 kilometer 
1.97 x 10% grams 
5.98 x 107 grams 
7.38 x 10% grams 
1,392,000 kilometers 
12,750 kilometers 
3,480 kilometers 
1.4 grams/centimet 
5.5 grams/centimeter 
3.3 grams/centimeier 


UNITS AND SYMBOLS 
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Unit Symbol Unit Symbol Unit Symbol 
acre acre dram, avoirdupois dr avdp milliliter ml 
barrel bbl fathom fath millimeter mm 
buene! bu foot ft ounce oz 
carat c gallon gal ounce, avoirdupois oz avdp 
Celsius, degree °C gram g ounce, liquid liq oz 
centigram cg hectare ha ounce, troy oztr 
centiliter cl hectogram hg pint, liquid liq pt 
pig i emi hectoliter hl pound Ib 

i timeter cm’ hectometer hm ound, avoirdupois lb avdp 
cubic decimeter dm? inch in Sa troy à Ib tr 
cubic dekameter dam’ International quart, liquid lig qt 
cubic foot ft? Nautical Mile INM second 3 
ouble hectometer hm’ Kelvin, degree °K square centimeter cm? 
pile ge in? ; kilogram kg square decimeter dm? 
cubic kilometer km kiloliter ki square dekameter dam’ 
ae meter ne kilometer km square foot ft 

ic mile mi’ liquid li r hm? 
aie millimeter mm? liter nae sea a in? 

3 
Ss ic yard yd meter m square kilometer km? 
cigram dg microgram ug square meter m 


deciliter di 


decimeter dm 
dekagram dag 
dekaliter dal 
dekameter dam 


microinch pin square mile mi? 
microliter pl square millimeter mm? 
micron um square yard yd? 
mile mi ton, long long ton 
milligram mg ton, metric t 
ton, short short ton 
yard yd 


COMPARISON OF TEMPERATURE SCALES 


Two temperature scales are in common use today: the Celsius (sometimes called the centi- 
grade) scale and the Fahrenheit scale. In scientific work, the Kelvin scale is generally used. 
Another scale, the Réaumur scale, is used in some countries. In the Celsius scale, the freezing 
point of water is 0°, and the boiling point of water is 100°. In the Kelvin scale, the degrees of rise 
in temperature have the same intervals as in the Celsius scale, but 0° Kelvin is absolute zero, the 
temperature at which atomic and molecular motion would theoretically cease. In the Celsius 
scale, absolute zero would be —273.16°. In the Fahrenheit scale, the freezing point of water is 
32° and the boiling point is 212°, while absolute zero would be — 459.69°. 


There are simple conversion formulas for changing between these different temperature scales, 


as follows: 


(Celsius x 9/5) + 32 = Fahrenheit 
("Fahrenheit — 32) x 5/9 = °Celsius 


1°Celsius = 1.8 Fahrenheit 
“Kelvin = "Celsius + 273.16 
Celsius = “Kelvin — 273.16 


((°Kelvin — 273.16] x 9/5) + 32 = °Fahrenheit 
([ Fahrenheit —32] x 5/9) + 273.16 = “Kelvin 
°Réaumur x 5/4 = °Celsius 

"Réaumur x 9/4 + 32 = °Fahrenheit 


Listed below are a few conversions between Celsius and Fahrenheit 


“Fahrenheit 
-40 
-31 


°Celsius °Fahrenheit °Celsius 

—40 77 25 
-35 86 30 
-30 104 40 
=25 122 50 
-178 131 55 
-15 140 60 
-10 158 70 
-5 167 75 
0 185 85 

10 194 90 
20 212 100 


The metric system, established in France in 1793, is based on the meter. Adopted in many 
Countries, the system is in general use for scientific measurements. Originally, 1/10,000,000 of 
the earth's quadrant passing through Paris was taken as the length of the meter. Later it was 
defined as the distance between two lines on a platinum-iridium bar kept at the International 
Bureau of Weights and Measures in Sévres, France. In 1960 the meter was redefined as 
1,650,763,73 times the wavelength of krypton 86 light, giving an accuracy of one part in 
250,000,000. in 1983 the meter was defined again, as the distance light travels through space in 


THE METRIC SYSTEM 


299,792,458 of a second. Accuracy can be measured to one part in 10,000,000,000,000. 
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Linear Measure 


10 millimeters = 1 centimeter 
10 centimeters = 1 decimeter 

10 decimeters =1 meter 

10 meters = 1 dekameter 
10 dekameters = 1 hectometer 
10 hectometers = 1 kilometer 


Square Measure (Area) 


100 square millimeters = 1 square centimeter 
100 square centimeters = 1 square decimeter 
100 square decimeters =1 square meter 

100 square meters = 1 square dekameter 
100 square dekameters = 1 square hectometer 
100 square hectometers = 1 square kilometer 
10,000 square meters =1 hectare 


Cubic Measure (Volume) 
1,000 cubic millimeters = 1 cubic centimeter 


1,000 cubic centimeters = 1 cubic decimeter 
1,000 cubic decimeters = 1 cubic meter 


Measure of Capacity 


10 milliliters = | centiliter 
10 centiliters = 1 deciliter 
10 deciliters liter 
10 liters | dekaliter 
10 dekaliters hectoliter 
10 hectoliters kiloliter 
Weights 
10 milligrams | centigram 
10 centigrams 1 decigram 
10 decigrams jram 
10 grams dekagram 
10 dekagrams yectogram 
10 hectograms kilogram 
1,000 kilograms = 1 metric ton 


1i l 


U.S. WEIGHTS AND MEASURES 


The United States used En 


government decided to base the standard yard and pound on metric standards. For example, 


ferent. In scientific work, however, the standard: 


Linear Measure 


12 inches =1 foot 


3 feet =1 yard 
5ł yards =1 rod 
40 rods =1 furlong 


8 furlongs =1 mile 
5,280 feet =1 mile 
3 miles =4 league 


Cubic Measure (Volume) 
1,728 cubic inches = 1 cubic foot 


27 cubic feet =1 cubic yard 
(measure for cordwood) 


16 cubic feet =1 cord foot 
(x4 x 4) 
8 cord feet or =1 cord 
128 cubic feet (4' x 4’ x 8’) 


and pound used in commerce are slightly dif- 
S of both countries are the same 


Square Measure (Area) 


144 square inches = 1 square foot 
9 square feet = 1 square yard 
304 square yards = 1 square rod 


160 square rods =1 acre 
43,560 square feet = 1 acre ; 
640 acres = 1 square mile 


Nautical Measure 


6 feet = 1 fathom 7 -720 
1 cable's length = 100 fathoms, ordinary; 
feet 


1 nautical mile = 6,080.20 feet ; 
1 knot =unit of speed, equal to 
nautical mile per hour 


Dry Measure 


Liquid Measure 


2pints = 1 quart = 67.20 cubic inches 4gills =1pint = 28.885 cubic inches 
8 quarts = | peck = 537.61 cubic inches 2 pints =1 quart = 57.75 cubic inches 
4pecks = 1 bushel = 2,150.42 cubic inches 4 quarts = 1 gallon = 231.0 cubic inches 
Avoirdupois Weight Troy Weight 
irams =1 ounce 3.086 grains = 1 carat 
16 ounces = 1 pound 24 grains = 1 pennyweight 
tG0 pounds = 1 quintal 20 pennyweights = 1 ounce 
2.600 pounds = 1 short ton 12 ounces = 1 pound 
2.240 pounds = 1 long ton 
Time Measure Apothecaries’ Weight Circular Measure 
60 seco; 1 minute 20 grains =1 scruple 60 seconds = 1 minute 
60 minut 1 hour 3 scruples = 1 dram 60 minutes =1 degree 
24 hours 1 day 8drams =1 ounce 60 degrees =1 sextant 
7 days 1 week 12 ounces = 1 pound 90 degrees =1 quadrant 
365 days 360 degrees = 1 circum- 
12 mor 1 year ference 
366 days 1 leap year 
100 year 1 century 
COMMON CONVERSION FACTORS 
US to Metric Metric to US 1 0z = 28.3495 g 1 g = 0.035274 oz 
1 Ib = 0.453592 kg 1 kg = 2.20462 Ib 
Linear Measure 1 w Gaty 0.0453592 t 1 t = 22.0462 sh cwt 
1 in= 25.4 mm (exactly) 1 mm =0.0393701 in 1 cwt = 0.0508023 t 1 t= 19.6841 cwt 
lin=2 n (exactly) 1 cm = 0.393701 in 1 D TS =0.907185t 1 t= 1.10231 sh ton 
1 ft = 0.3048 m 1 m = 3.28084 ft 1 UK ton = 1.01605t 1 t = 0.984207 UK ton 
(exactly) 
1yd=0.9144 m 1 m = 1.09361 yd Square Measure 
(exactly) 1 in? = 6.4516 cm? 1 cm? = 0.1550003 in? 
1 mile = 1.609344 km 1 km =0.621371 mi (exactly) 
(exactly) 1 ft? = 0.092903 m? 0.7639 ft? 
1 yd* = 0.836127 m’ 19599 yd? 


Cubic Measure 

1 in? = 16.387064 cm” 1 cm* = 0.0610237 in? 
(exactly) 

1 ft? = 0.0283168 m* 1 m’? = 35.314725 ft? 

1 yd = 0.764555 m? 1 m*= 1.30795 yd? 


US Liquid Measure 


1 fl oz = 29.5735 ml 1 mI = 0.033814 fl oz 


1 fl oz = 0.2957 di 1 dl = 3.3814 fl oz 
1 pt = 0.473176 | 1 I= 2.11338 pt 
l gal = 3.78541 | 1 | = 0.264172 gal 


Avoirdupois Weight 


1 gr = 0.0647989 g 1 g = 15.4324 gr 


1 ac = 0.404686 ha 
1 mile? = 2.58999 km? 


UK Liquid Measure 
1 fl oz = 28.4131 ml 
1 fl oz = 0.2841 dl 

1 pt = 0.568261 | 

1 gal = 4.54609 | 


US Dry Measure 
1 pt = 0.550610 | 
1 bu = 35.2391 | 


1 mi = 0.0351951 fl oz 
1 dl = 3.5195 fl oz 

11= 1.75975 pt 

1 | = 0.219969 gal 
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Lengths, Areas, and Volumes 


The following formulas are used to 
determine lengths, areas, and 
heights for common geometric 


figures. 
Area of triangle with base b and 
altitude h 
= hb 
2 b 


Perimeter of square with side a 
a 
=4a 


Perimeter of any other 
parallelogram with 
sides a and b 


= 2(a + b) 


Area of rectangle with sides a and b 

of unequal length 3 
=ab 

Area of square with side a 
=a 4 


Area of any parallelogram with side b 
and with h as perpendicular distance 
from b to side parallel to b 


= bh 


Area of rhombus with diagonals c and d V7 
= od ie 
2 Le 
T 


Area of trapezoid with parallel 
sides a and b and altitude h 


= hla +b) 


Circumference of circle with 
radius r 


= 2er 


Area of circle with radius 
r and diameter d (2r) 


= af = Írd = 78540 


Area of ellipse with major axis 2 ” 

and minor axis b ~pa 
= zab Te 

4 z 


Volume of regular prism 
with a as area of base 
and has altitude 


=ah 7 


Volume of regular pyramid with 
as area of base and h as altitud: 3 
=ah 
3 


Surface of sphere with radius r 
and diameter d (2r) 


= 4a? = nd? = 12.577 


Volume of sphere with radius 7 
and diameter d (2r) 


= far = Lao? = 4.189 


Volume of right cylinder with r 2 
of base and with h as altitude 


= arh 


n 
e 


Volume of right cone with r as radius 
of base and with h as altitude 


= §rh = 1.047rh 


INDEX 


ALPHABETICAL INDEX 


The subject headings in this index are usually in the 
singular form. A subject that is covered by an entire ar- 
ticle is printed in boldface capital letters and is followed 
by the volume and inclusive page numbers, indicating 
where the article appears in The New Book of Popular 
Science. For example, the entry: 


AIR-CUSHION VEHICLE 6-137-38 
indicates that an article on air-cushion vehicles can be 
found in volume 6, pages 137 to 138 inclusive. A sub- 
ject which is covered within an article is printed in 
boldface capital and lowercase letters and the vol- 
ume and specific pages are noted. For example, the 
entry: 


Acceleration (phys.) 3-173, 175, 179 
indicates that information on acceleration can be found 
on pages 173, 175, and 179 of volume 3. If a subject is 
covered in a labeled section of several pages within an 
article, only the first page number of the section is 
given. In all text references, volume numbers are 
Printed in boldface type, page numbers in lightface 
type. Multiple volume and page references to one sub- 
ject are generally filed in numerical order. However, if 
one reference is to a substantial description of a topic 
this reference is listed before the less important refer- 
ences, For example: 


Absolute zero (phys.) 3-368, 12, 198 
If a subject is mentioned on three or more suc- 


cessive pages, the first number will be noted with the 
indication ‘fol.’ as in this example: 


Afferent fiber (anat.) 5-261 fol. 
Illustrations are identified by the abbreviation illus. 
References to illustrations are filed after all references 
to the text. 
; Subjects in this index may be subdivided to make 
information on specific aspects of the topic readily ac- 
cessible. These subentries are indented and listed al- 


ABBREVIATIONS USED 
IN THE INDEX 


A 


adm. admiral 
aero. aeronaut; aeronautics; 
aeronautical 


anc. ancient 


anat. anatomy; anatomist 


anthro. anthropology; 


phabetically below the main entry 
has three subentries. 


Acceleration (phys.) 3-173, 1 
airliner 1-259 
gravitational 3-166 
space flights’ effects on as 


Many entries include a brief i 
subject. The identification, enclose 
may note the scientific field in wh 
monly used, define the subject ir 
scribe a person's nationality and < 


Aardwolf (zool.) 5-96; illus. 5- 
Abacus (calculating device), il 
Adams, John Couch (Eng. astr 


The index includes see and see 
references guide the reader from 
They are used for abbreviations, | 
verted headings, and for alternativ 

Accelerator, Atomic see Atom 

ALU see Arithmetic and logic u 

Amoeba see Ameba 

Ascorbic acid see Vitamin C 


See also references direct tt 
subject entries. 


Astrogeology (sci.) 1-301 
See also Moon, Geology 

Atomic theory (phys.) 3-310, 
See also Atom 


Subjects are filed alphabetica 
When a subject heading is made 
word it is still arranged alphabeti 


Air (gas) 

circulation 2-126 

composition and weight 3 
Airglow (atmospheric phenomer 
Air-lift pump 2-438; illus. 2-43 
Airline-reservation system 1~46/ 
Air mass (meteorol.) 2-133 
Airplane 6-104 fol. 


Ariz. Arizona 
art. artist 


example below 
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uts 1-273 


ication of the 
parentheses, 

e term is com- 
words, or de- 
ion. 
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1-89; 3-165 


ferences. See 
irm to another. 
ionyms, for in- 
lings. 


her 


ider to related 


tter by letter. 
more than one 
etter by letter. 


2-111, 112 


471 


astro. astronaut; astronautics; 


Afr. Africa; African anthr i 
ca; can opologist astronautical 
agr, agriculture; agricultural; arch. architecture; architect; astron. astronomy; astronomer; 
ce re is architectural astronomical 
hie Hien archaeo, archaeology; Aus. Austria; Austrian 


archaeological; 
archaeologist 


Austr. Australia; Australian 


Amer. America; American auto. automobile 
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B 

bact. bac! bacteriology; 
bacteri: ist 

B.C. British umbia 

blochem. hemistry; 
biocher 

biol. biolosy, biologist 

bio-phys. vysics; 
biophys 

bot. botan anist 

Braz. Brazii izilian 

Brit. Britis! 

Bulg. Bulg»: +, Bulgarian 

Calif. Calif 

Can. Cane anadian 

capt. cap! 

Carib. Car! 

cartog. ca hy; 
cartogr 

Chan. Isls nel Islands 

chem. cher chemist 

cler, clerg 

Dan. Danis 

dent. dentisi tistry 

dept. depay tin ont 

diag. diagr 

Du. Dutch 

= 

Egy. Egypt; cyptian 

elec, electri tricity 

electron. elo) electronics 

elem. eleme 

embryol. emi: ology; 
embryologi 

emp. emperor: empire; empress 

Eng. England: English 

eng. engin J; engineer 

entom. entomology; 
entomolo 


Eur. Europe European 
expl. explorer 
ext. extinct 


Fla. Florida 

Flem. Flemish 

fol. following 

for, forestry 

Fr. France; French 


G 
Ga, Georgia 
geog. geography; geographer 
geol. geology: geologist 
geom. geometry 
er, Germany; German 
T. Greece; Greek 
9ynecol, gynecology; 
Gynecologist 


H 


Haw. Hawaii, Hawaiian 
herp. herpetology; herpetologist 
Hung. Hungary; Hungarian 


Ice. Iceland; Icelandic 

ichth. ichthyology; ichthyologist 
Ill. Illinois 

illus. illustration 

Indon. Indonesia; Indonesian 
indus. industry; industrialist 
instru. instrument 

inv. inventor 

Ir. Irish 

isl., iss. island; islands 

It. Italian; Italy 


J 
Jap. Japan; Japanese 
K 
Ky. Kentucky 


E 


lieut. lieutenant 


mach. machine 

Mass. Massachusetts 

math. mathematics; 
mathematician 

Me. Maine 

meas. measure; measurement 

mech. mechanics; mechanic; 
mechanical 

med. medicine; medical 

metal. metallurgy; metallurgist 

meteorol. meteorology; 
meteorologist 

Mex. Mexico; Mexican 

mil. military 

min. mineral; mineralogy; miner- 
alogist; mining 

Mont. Montana 

MS.; ms. manuscript 

mt.; mts. mount; mountain; 
mountains 

mus. music; musician; musical; 
musicologist 


N.Afr. North Africa 
N.Amer. North America 
nat. naturalist 

nav. naval 

N.C. North Carolina 
Newf. Newfoundland 
N.H. New Hampshire 
N.Mex. New Mexico 
nov. novel; novelist 
N.Y. New York State 
N.Y.C. New York City 


(0) 


oceanog. oceanography; ocean- 
ographer; oceanographic 

Okla. Oklahoma 

Ont. Ontario 

ophthal. ophthalmology; 
ophthalmologist 

Oreg. Oregon 

ornith. ornithology; ornithologist 


P 


Pa. Pennsylvania 

Pac.O. Pacific Ocean 

paleon. paleontology; 
paleontologist 

path. pathology; pathologist 

Pers. Persia; Persian 

Philipp. Philippines 

Philos. philosophy; philosopher; 
philosophic 

Phot. photography; photographer 

phy. physician 

phys. physics; physicist 

Physiog. physiography 

Physiol. physiology; physiologist 

Pol. Poland; Polish 

Port. Portugal; Portuguese 

P.R. Puerto Rico, Puerto Rican 

psych. psychology; psychologist 


R 
Rom. Roman 
Russ. Russia; Russian 
S 


S. South; Southern 

S.Afr. South Africa; South 
African 

S.Amer. South America; South 
American 

Sask. Saskatchewan 

schol. scholar 

sci. science; scientist 

Scot. Scotland; Scottish 

sculp. sculpture; sculptor 

S.Dak. South Dakota 

Sib. Siberia 

Sic. Sicily; Sicilian 

Sov. Soviet 

states. statesman 

surg. surgery; surgeon; surgical 

Swed. Sweden; Swedish 

Switz. Switzerland 


T 


Tanz. Tanzania; Tanzanian 
tel. telephone 

teleg. telegraphy 

Tex. Texas 

theol. theology; theologian 
trig. trigonometry 

TV television 
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U 


U.S. United States 
USSR Union of Soviet Socialist 
Republics 
v 
v. versus 
Va. Virginia 
volc. volcano; volcanic 


INDEX 


w 


Wash. Washington 
Wis. Wisconsin 
writ. writer 

W.Va. West Virginia 
Wyo. Wyoming 


Yugos. Yugos 


zool. zoology 


Yugoslav 


gist 


A 


Aa see Block 
Aardvark (20 llus. 5-14 
Aardwolf (z: 5-96; illus. 
5-96 
Abacus (calc g device), 
illus. 1 à 
Abalone (20 224 
Abductor mu (anat.) 5-191 
Abnormal ps logy 5-297, 
416 
Abscissa (m 1-393 
Abscission | (bot.) 4-101 
Absolute man ‘ude (star 
bright 1-183, 185, 
186; fa 1-185 
Absolute ter ature scale 
see K ale 
Absolute va! ath.) 1-412 
Absolute zer ys.) 3-368, 
12, 19. 
Absorption | tics) 3-265 
Absorption | hys.) 1-73, 
74 
galaxie 
Absorption s rum (phys.) 
3-298 3-299 
Abyssal plair |.) 2-265 
Abyssinian w jol.) 5-72 
Acacia (tree) 
Academy of Sc '="ces, Chi- 
cago, lIl 5 
Acadian Dist, ice (geol.) 
4-481 
Acadian ow! < iw-whet owl 
Acanthoceph s!9 (2001.) 4-186 
Acceleration |; ;,) 3-173, 
175, 17 
airliner 1 
gravity 3 
Space flights’ effects on 
astronauts 1-273 
Accelerator, Atomic see Atom 
smasher 
Accelerator nerve (anat.) 
5-213 
Accelerometer (ir Istru.) 1-259; 
illus. 1-260 
Accessory factors see Vita- 
mins 


Access time (com =a 
Accidents wig a 
Coal mining 2-328 
drowning 2-204 
lightning 2-143 
Nuclear reactor 2-365 
See also Safety 
Acetabulum (anat,) 5-184 
Acetic acid 3-93, 98; illus. 
3-100 
Acetylcholine (biochem.) 
3-448; 5-265 
Acetylene (chem.) 3-136 


Achene (bot.) 4-115 

Achernar (star) 1-35 

Achilles’ tendon (anat.) 5-193 

Achlorhydric anemia (med.) 
5-203 

Achromatic lens (optics) 6-303 

ACID (chem.) 3-93-98 

electrolytes 3-446 
water's role in forming 

3-90 

ACID RAIN 2-471-74 

Aconcagua, mt., Argentina, 
illus. 2-83 

Acorn shell (zool.) 4-237 

Acorn worm (zool.) 4-297; 
illus. 4-297 

Acoustical engineering 
3-270 

Acoustical tile 3-265 

Acoustics see Sound 

Acromion process (anat.) 
5-182 

Acrylic fiber 6-272 

Acrylic resin (plastic) 6-278 

Actinide (chem.) 3-32 

Actinium (elem.) 3-36 

Actinopterygii (ichth.) 4-303 

Activated carbon 


solution purification 3-117; 


illus. 3-116 
Activating system (anat.) 
5-397 
Activation analysis (phys.) 
3-328 
Active communications satel- 
lite 1-270 
Active immunity (med.) 4-29 
Acute angle (geom.) 1-370 
Adams, John Couch (Eng. as- 
tron.) 1-89; 3-165 
Uranus 1-138 
Adam's apple (anat.) 5-178 
Adaptability (psych.) 
animal behavior 4-459 
ADAPTATION (biol.) 3-475-84 
evolution 3-464 fol. 
insectivores 5-27 
plants 4-133 
Adaptive radiation (biol.) 
3-470 
Addax (zool.) 2-489; 5-128 
Addiction, Drug see Drug 
abuse 
Addition (math.) 1-346 
algebra 1-353, 354 
binary numerals 1-446, 448 
Additive color combination 
3-307 
Adductor muscle (anat.) 5-191 
Adelie penguin (zool.) 4-382; 
illus. 4-379 
Adenine (biochem.) 3-497 fol. 
Adenosine diphosphate see 
ADP 


Adenosine triphosphate see 


Adhesion (phys.) 3—23; illus. 
3-23 
gases 3-25 
Adolescence 5-355 
Adonis (asteroid) 1-164 
ADP (Adenosine diphosphate) 


(biochem.) 4-71 
Adsorption (phys., chem.) 
3-112, 25 


industrial processes 3-117 
Advanced X-Ray Astronomy 
Facility 1-178 
Advection (horizontal air move- 
ment) 2-148 
Adventitious root (bot.) 4-91 
Aechmea chantini (bot.), illus. 
4-156 
Aeolipile (invention) 6-57; illus. 
6-57 
Aeration (water purification) 
2-441, 447 
Aerial-ground system (radio) 
6-182 
Aerial root (bot.) 4-91 
Aerial stem (bot.) 4-92 
Aerobic bacteria 4-25 
sewage purification 2-504 
Aerobic respiration (biol.) 
3-391; 4-4, 75 
Aerolite see Stone meteorite 
AERONAUTICS 6-100-18 
aeronautical engineering 
6-3, 13 
airplane condensation 
trails 2-148 
jet streams 2-132 
supersonic flight 6-126 
turbulence 2-129 
Afferent fiber (anat.) 5-261 fol. 
Afferent limb (anat.) 5-265 
African civet (zool.) 5-92; illus. 
5-92 
African rock python (snake) 
4-352 
African sand fox (zool.) 5-76 
African violet (bot.) 4-155, 156, 
161; illus. 4-156 
Afterbirth (embryol.) 5-330 
Afterburner (jet engine) 6-123 
Afterdamp (gas) 2-329 
Aftershock (seismol.) 2-31 
Agamid (lizard) 4-345 
Agar (gelatinous material) 


4-30, 42 

Agate (gemstone) 2-174; illus. 
2-44 

Agglutinin (biochem.) 5-205, 
257 


Agglutinogen (biochem.) 5-205 
Aggradation (geol.) 2-7 
Aging 5-356 

old age 5-359 


INDEX 
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402 


Aging (cont.) 
osteoarthritis 5-456 
Agnatha (zool.) 4-300 
Agouti (z00l.) 5-43 
Agranulocytosis (med.) 5-204 
Agricola, Georgius (Georg 
Bauer) (Ger. min., schol.) 
6-12, 27 
Agriculture 
butterflies and moths 
4-291 
conservation, effects of 
agriculture on 2-408 
ecosystem 2-452, 453 
insect pests 4-258 
radioisotopes 3-328 
ultrasound 6-291 
vegetable growing 4-146 
waste 2-376 
Agulhas Current (ocean cur- 
rent) 2-257 
Ahnighito iron meteorite 
1-163; illus. 1-164 
Ailanthus (tree) 4-174; illus. 
4-175 
Aileron (aero.) 6-117; illus. 
6-115 
Ainslie, M. A. (Eng. astron.) 
1-134 
Air (gas) 
circulation 2-126 
composition and weight 
3-189 
insulator 3-209, 211 
liquefied 6-328 
molecular size and num- 
bers 3-20 
plant adaptations to get air 
4-133 
soil 4-21 
Sound, speed of 3-262 
See also Atmosphere 
Air brake 6-88 
Air cell (battery) 3-154 
Air-conditioning system 
solar energy 3-353 
AIR-CUSHION VEHICLE 
6-137-38 
Air freighter, illus. 6-111 
Airglow (atmospheric phenom- 
enon) 2-111, 112 
Air-lift pump 2-438: illus. 
2-437 
Airliner see Airplane 
Airline-reservation system 
1-460, 471 
Air mass (meteorol.) 2-133 
Air navigation 
Space guidance 1-254 
Airplane 6-104 fol, 
air pollution 2-468 
biplane, illus. 6-1 16 
construction based on 
safety factor 3-27 


INDEX 


Airplane (cont.) 
energy consumption 2-295 
jet propulsion 6-119 
pressurized cabins 2-107 
supersonic flight 6-126 
turbofan, illus. 6-116 
wing lift 3-192; illus. 3-193 
Wright brothers, illus. 
6-105 
Airplane condensation trail 
(cloud) 2-148 
Air pocket (atmosphere) 2-129 
AIR POLLUTION 2-467-70, 
298, 300, 450, 461; illus. 
2-121, 456 
cancer 5-474 
dust, illus. 2-457 
waste disposal 2-376 
weather 2-125 
Air pressure see Atmospheric 
pressure 
Air pump 3-192; illus. 3-193 
Airspeed indicator (instru.) 
6-113 
Air traffic control 6-110 
radar 6-198 
Alaska Current (ocean current) 
2-258 
Alaska pipeline 2-315, 319: 
illus, 2-314 
Alaska Range, mts., Alas., i//us. 
2-77 
Albatross (bird) 4-425, 426: 
illus. 4-366, 424, 453 
soaring 4-368 
Albedo (astron.) 1-86 
moon 1-110 
Albinism (genetic disorder) 
5-343 fol.; illus. 5-344 
Alcock, Capt. John (Eng. avia- 
tor) 6-105 
Alcohol 
depressant effects 5-432 
drug abuse 5-435 
fermentation 4-48, 76 
rocket fuel 1-248 
Structural formulas 3-137 
Alcoholics Anonymous 5-429; 
illus. 5-429 
ALCOHOLISM 5-425-30, 432 
Aldebaran (star) 1-35, 186, 193 
Aldehyde (chem.) 3-139 
bioluminescence 3-435, 
436 


Alder (tree) 4-170; illus. 4-170 

Alderney, Race of (tidal cur- 
rent) 2-247 

Aldrin, Edwin E., Jr. (Amer. 
astro.) 1-278, 282, 314: 
illus. 1-273, 300 

Aleppo pine (tree) 4-166 

Aleutian Islands, Alas., illus. 
2-218-19 

Alfisol (soil) 4-18 


ALGAE (bot ) 2—42; illus. 
1-316 7 
adaptations 4-136, 140, 
141 
bacteria, similarities with 
4-22 
eutroph 2-457, 493 
fossils 4 illus. 4-476 
water sı sroblems 
2-409 
ALGEBRA (r 1-352-65, 
332 
analytic ¢ try 1-391 
set thec 1 
Algol (star) 1 3, 194; illus. 
1-194 
Algorithm (1 1-478, 482 
Alimentary c inat.) 5-229 
Alkali see Ba 
Alkane (hydre n) 3-133 
Al-Kwarizmi mmed ibn 
Musa rath.) 
1-35 
Alkyd resin 6-278 
Alkylation 2-317; 3-73 
Alkyl halide ) 3-136 
Allagash Wild is Water- 
way, | 179 
Allen, Joseph P, (Amer. astro.) 
1-279 
Allergen (bio ) 5-445 
Allergic Inde ) 5-448 
ALLERGY (med 444—450 
Alligator (zoo) ) 2-495; 4-363; 
illus, 4 364 
fossil, illu 181 
Alligator snapper (turtle) 
4-360 ; 
All-or-none principle (physiol.) 
5-263 
Allosaurus (palean.) 4-485 
Alloy (metal.) 3-5, 85; 6-27, 39 
steel 6-41 


Alloy steel (metal) 6-27, 56 
alloying elements, table 
6-53 
Alluvial apron (stream deposit) 
2-423 f 
Alluvial fan (stream deposit) 
2-423 
Alluvial plain (geo!.) 2-87, 183 
Allylic resin (plastic) 6-278 
Almagest, treatise (Ptolemy) 
1-181 
Aloe (bot.) 3-481 
Alpaca (zool.) 5-115; illus. 
5-114 
Alpha Centauri (star) 1-35 
Alpha Cephei (star) 1-104 
Alpha particle (phys.) 3-325 
cosmic rays 1-227 
penetrating power, illus. 
3-326 
Alpha pattern (psych.) 5-422 


Alpha-tin (metai) 3-79 
Alphecca 1-33 
Alpheratz (s 1-34 : 
Alpine glacier see Mountain 
glacier 
Alps, mts., Eur 2 
217; ijh 
environn 
resort development 
2-465 
wind 2-5 
Altair (star) 1-34 
Alternate arrangement of 


ital effects of 


leaves 4-164; illus. 


4-164 
ALTERNATE ENERGY 
SOURC 375-78 
Alternating current (elec.) 
3-230 
generator 4 
3-229 
radio wa» 74 
Alternating gradient synchro- 
tron (pt 364; illus. 
6-364 
Alternation oʻ 
(biol.) 4 
algae 4~ 3 
coelenter 4-202 
Altimeter (ins: 114 
radar altir 6-197 
Altiplano, plateau, Bolivia 
2-90 
Altitude 1—20 
atmospher 
2-107 


j, 392; illus. 


nerations 


pressure 


Altocumulus cloud 2-155: illus. 


2-149 
Altostratus cloud 2-155; i/lus. 
2-149 
ALU see Arithmetic and logic 
unit 
Alum (chem.) 
coagulant for water purifi- 
cation 2 
Crystal formation 3-101 
Alumina see Aluminum oxide 
Aluminum (elem ) 3-26, 36, 76, 
81, 121; illus. 3-82, 120 
alloys 6-40 
building material, illus. 
6-23 
ae Crust, percentage of 
electrolysis 3-148; illus. 
3-148 
heat of fusion 3-206 
Metallurgy 6-38; illus. 
6-39 


Meteorites 1-165 

Sound, speed of 3-262 
Steelmaking 6-53 

minum oxide (chem.) 6-39 
electrolysis 3-148 


Alu 


Aluminum sulfate (chem.) 
coagulant for water purifi- 
cation 2-434, 442 
Alvarez, Luis W. (Amer. phys.) 
6-359 
Alveolus (anat.) 5-212, 221; 
illus. 5-223 
Amalgamation process 
(metal.) 
gold recovery 6-33 
Amantadine (drug) 5-455 
AMATEUR RADIO 6-187-92 
Amazon Basin, Braz. 2-87 fol. 
Amazonian dolphin (zool.) 
5-66; illus. 5-66 
Amazon River, S.Amer. 2-186, 
418; illus. 1-105 
Amber (resin) 3-220 
Amblyopsis (fish) 2-103 
Ameba (zooi.) 3-393; 4-194; 
illus. 3-380, 391; 4-180, 
190 
Entamoeba histolytica 
5-241; illus. 5-241 
nuclear membrane, illus. 
3-394 
respiration, illus. 5-222 
Amebocyte (biol.), illus. 4-199 
American black skimmer (bird) 


4-416 

American buckeye (tree) 
4-172 

American Cancer Society 
5-442, 476 

American chestnut (tree) 
4-172 

American egret (bird), i//us. 
4-424 

American elk (zool.) 5-119; 
illus. 5-120 


American elm (tree) 4-170 
American hop hornbeam (tree) 
4-170 
American larch see Tamarack 
American Radio Relay League 
6-189 
American Standards Associa- 
tion numbers see ASA 
numbers 
American toad (zool.), illus. 
4-332 
longevity 4-335 
American whooping crane 
(bird) 4-419 
Americium (elem.) 3-36 
Ames, Adelaide (Amer. astron.) 
1-217 
Amethyst (gemstone), illus. 
2-44 
Amino acid (biochem.) 3-384 
cells 3-427 
DNA and RNA 3-500 fol. 
meteorites 1-320 
proteins 5-384 


Amino resin (plastic) 6-278 
Ammeter (instru.) 3-233; illus. 
3-233 
Ammonia (chem.) 3-52, 58; 
illus. 3-52, 58 
bacteria 4-27 
catalysis in the synthesis of 
ammonia 3-73 
coal byproduct 6-263 
comets 1-152 
critical temperature 3-17 
Haber process 3-67; illus. 
3-67 
Jupiter 1-125 
planetary atmosphere 
1-318, 319 
production 3-217 
Saturn 1-131 
synthesis gas 6-264 
water purification 2-446 
Ammonite (paleon.) 4-481, 483, 
484, 486 
Ammonium hydroxide (chem.) 
3-98 
Ammonium sulfate (chem.) 
2-334 
Amnion (embryol.) 5-319; illus. 
5-320, 321, 323 
Amniotic cavity (embryol.) 
5-319 
Amoeba see Ameba 
Amoebic dysentery (med.) 
4-194; 5-241 
Amoeboid movement (biol.) 
3-393 
Amorphous solid 3-18, 26 
Amperage (elec.) 2-392 
Ampere (unit of elec.) 3-232 
Ampere, André Marie (Fr. 
phys.) 3-232 
magnetic needle deflection 
6-164 
Amphetamine (drug.) 5-433 
AMPHIBIAN (zool.) 4—327-36 
caves 2-103 
embryo development 
3-422; illus. 3-421 
head 3-472 
migration 4-471 
stegocephalians 4-482 
Amphibious aircraft 6-106; 
illus. 6-107 
Amphioxus (zoo!.) 4-299 
Amplifier (electron.) 6-141, 
217 
Amplitude (phys.) 
lightwaves 3-332 
sound waves 3-258 
Amplitude modulation (elec- 
tron.) 6-179, 209; illus. 
6-178 
Ampulla (anat.) 5-289 
AMU see Atomic mass unit 
Amylase (biochem.) 5-236 


INDEX 
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Amy! nitrite (drug) 5-217 

Anabaena (bot) 4-34: illus. 
4-33 

Anabolism (biochem.) 3-428, 
illus. 3-427 

Anaconda (snake) 4-350, 351 

Anaerobic bacteria 4-25 

sewage purification 2-506 

Anaerobic respiration (biol) 
3-392; 4-4, 75 

Analog computer 1-463 

Analog recording 6-216 

Anal sphincter (anat.) 5-238 

ANALYTIC GEOMETRY (math.) 
1~391-400, 133 

Anaphase (bio! ) 3-395; j//us. 

393 


3- 
ANATOMY, Human 5~158~-68, 
149 


blood §~198 
bones 6-175 
circulatory system 5-207 


eye 5-275 

muscular system 5-187 
Nervous system 5-261 
Lg ad 3-467, 


respiratory system 5-220 

skeletal system 5-175 
Rea =n 

xagoras (Gr. astron.) 1-3 
Anchovy (lish) 4-471 

William A. (Amer as- 
tro.) 1-278 

ae Cari D. (Amer, phys.) 


cosmic rays 1-227 
Andes, mts., S Amer. 2-62. 
illus. 2-85 
Andesite (rock) 2-14 
Andrée, Salomon August 
(Swed. eng.) 
balloon tight 6-101 


exposure to chemicals 
5-176 


folic acid deficiency 5-373; 
illus. §-373 
sickle-cell, illus. 5-199 
vitamin B., §-373 
vitamin C deficiency 5-374 
Anemometer (instru ) 2-118, 
illus. 2-117 


Aneroid barometer (instru.) 
2-107, 118; 3-189; illus. 
2-116; 3-190 

Anesthetic (med.) 5-252 

Angelfish (Monkfish) 4-324; 
illus. 4-325 

Angel shark (z00l.) 4-306 

Anger (emotion) 5-304 

Angina pectoris (med.) 5-217 

Angiosperm (bot.) 4-63, 68 fol.: 
illus. 4-63 

fossils 4-484, 485 
Angle (geom.) 1-369, 380 
non-Euclidean geometry 
1-402, 403 
trigonometry 1-387 fol. 

Angle of incidence (optics) 
3-283; illus. 3-283 

Angle of reflection (optics) 
3-283; illus. 3-283 

Angle of refraction (optics) 
3-285 


Angle of view (phot.) 6-244 

Angler fish (z001) illus. 3-436 

Angstrom (unit of length) 3-80, 
296 


Angstrom, Andres Jonas 
(Swed. phys.) 6-344 

Anhinga (bird) 4-426 

Ani (bird) 4-402 

Anik (spacecraft) 1-270; illus. 
1-270 


Aniline (chem.) 1-249 
ANIMAL, Life of 4178-82 
adaptation 3-475; §-27 
bioelectricity 3-445 
biological rhythms and 
clocks 3-438 
bioluminescence 3-432 
bionics 3-450 
Climates of past ages 2-287 
Color perception, illus. 
3-306 
ecosystem 2-452 
endangered species 2-465, 
483 fol. 
evolution 3-458 fol. 
fossils 4-475 fol. 
geological time scale 
2-280 fol. 
plant compared with ani- 
mal 3-378; 4-71 
Seed dispersal 4-122 
ANIMAL BEHAVIOR 4~453-60: 
3-489, 491 
ant 4-268 
dolphins 5-64 
Social lite of mammals 
5-12 
Animal communication 4-454 
ants 4-268 
bees 4-273 
dolphins 5-65 
Primates 5-143 


ANIMAL KINGDOW (roo!) 
4-183-89 
See also spec animals 
and anime ups 
ANIMAL MIGRAT A 
4461-74 
bird 4-376 
Canada goo 124 
fish 3-483 
Animal protein í! m.) 
5-384 
Animal psycholog 415 
See also Ani ehavior 
Ankle (anat.) 5-1 
Ankylosing sponcy itis (dis- 
ease) 5—4/ 
Annealing (indu 
plastics 6-2£ 
steel 6-55 
Annelida (zoo!) 4 7, 227 
Annual ring (trec 5 
Annular eclipse 
1-145; illu 48 
Anode (electron ) 45 fol 
6-160 
Anole (lizard) 4 
Anorexia nervosa > ych.) 
5-419 
Anorthite (min.) 
moon 1-311 
Anorthosite (rock 
moon 1-311 
Anseriformes (orn |), 4-412 
ANT (insect) 4~2¢ | 
Antabuse (drug) 5 9 
Antarctic Dritt soe t Wind 
Dritt 
Antarctic regions 
ice sheet 2-192 
jet streams 2-111 
ocean currents 2-2 
Antares (star) 1-33. 19° 
Anteater (zool.) 5-9, 17: illus. 


3-476; 5-14, 17 
adaptations for food-get- 
ting 3-476 


ANTELOPE FAMILY (zoo!) 
§-126-31; illus. 2-485 
addax 2-489 
Antenna (entom.) 4-251 
butterflies and moths 
4-291 
Antenna, Microwave, ///us 
2-351 
Antenna, Radar 6-195. illus 
6-195 
Antenna, Television 6-209. 
210 
Anther (bot.) 4-104, 105 
Antheridium (bot.) 4-54 
Anthodite (argonite crystals) 
2-100 
Anthracite (coal) 2-322. 331 
332, 334, 335 


Anthracite (cont.) 
water filtration 2=443 
Anthrax (c sease) 
bacterium, illus. 3-394 
ANTIBIOTICS (med.) 


5-480-82; 4-28 
Antibody (hiochem.) 3-402; 
5-257 fol., 445, 458; illus. 
5-25 
rejection of organ trans- 
plants 5-461 
Anticline (geo!.) 2-78, 83; illus. 
2-79, 316 
oil deposits 2-310 
seashores 2-212 
Anticyclone (wind system) 
2 3,135 
Antigen biochem.) 5-256 fol., 
459 
organ transplants 5-462 


Antigenic shift (med.) 5-454 

Antihistan: ne drugs (med.) 
5-450 

Antilles Current (ocean cur- 


ren 258 
Antilogarithm (math.) 1-361 
Antimatter (phys.) 3-316 
Antimony (e!em.) 3-36 
Antineutrino (phys.) 3-316, 346 


Antiparticie (phys.) 3-51, 314, 
41 


Antiperistaisis (physiol) 5-235 
Antiquark (phys.) 3-319 
Antirypsin (biochem.) 3-503 
Antiseptic 3-24 


Antitoxin (biochem.) 5-257, 258 
Antitrade wind 2-115, 131 
Antler (z0..!.) 5-117 fol. 


Antshrike (bird), illus. 4-428 
A number (chem. phys.) see 
Atomic mass 
Anura (z00!.) see Frog; Toad 
Anus (anat.) 5-238 
Anvil (anat.) 3-265; 5-283; 
illus. 3-266 
Anxiety (emotion) 5-306 
Aorta (anat.) 5-207 
Aortic valve (anat.) 5-208; 
illus. 5-211 
Apatite (min.) 2-48 
Apatura (entom.) 4-289 
Ape (zool.) 5-140; illus. 4-460 
backbone, illus. 5-151 
fossils 4-488 
Aperture (optics) 
camera 6-245 
microscope 6-302 
Apgar, Dr. Virginia (Amer. gy- 
necol.), illus. 5-330 
Aphasia (med.) 5-268 
Aphelion (astron,) 1-102 
Aphid (insect) 4-474 
honeydew used by ants 
4-269 


Aphid (cont.) 
houseplants 4-158 
migration 4-474 
Apochromatic lens (optics) 
6-303 


Apoda (zool.) see Caecilian 

Apogee (point of an orbit) 
1-256, 262; illus. 1-256 

Apoidea (z00!.) 4-271 

Apollonius of Perga (Gr. math.) 
1-377 

Apollo program (space explora- 
tion) 1-263, 278 fol., 299; 
illus. 1-253, 273, 280, 
298, 299 

moon 1-115 

Apollo-Soyuz Test Project 
(1975) 1-279, 284, 285; 
illus, 1-275 

Apoplectic stroke (med.) 5-274 

Apotheca: weight 6-393 

Appalachia, anc. geosyncline, 
N.Amer, 2-76 

Appalachian Mountains, N. 
Amer. 2-25, 76, 80, 83, 
84, 217 

Appalachian Revolution (geol.) 

3 


Apparent focus (optics) see 
Virtual focus 
Apparent image (optics) see 
Virtual image 
Apparent magnitude (astron.) 
1-25, 183 
table 1-185 
variable stars 1-193 
Apparent solar time (astron.) 
1-24 


Appendicitis (med.) 5-241 
Appendicular skeleton (anat.) 
5-181 
Appetite (physiol.) 5-239 
Appliances, Household see 
Household appliances 
Applications Technology Sat- 
te 1-270 
Aquamarine (gemstone), illus. 


Aquarius (constellation) 1-34; 
illus. 1-213 
Aqueduct 2-438 
Roman 2-433; illus. 6-11 
Aqueous humor (anat.) 5-277 
Aquifer (water-bearing forma- 
tion) 2-175, 176, 437 
Aquila (constellation) 1-34 
Arabic numeral system see 
Hindu-Arabic numeral 
system 
Arabic science and invention 
algebra 1-353 
numerals 1-341 
Arachnida (zoo!.) 4-239 
Arachnoid (anat.) 5-271 


Aragonite (min.) 
caves 2-95, 100 
Arc (geom.) 1-370 
non-Euclidean geometry 
1-402 
Arcella (biol.) 4-195 
Arch (arch.) 6-22 
Archaeocyathid (paleon.) 4-479 
Archaeopteryx (paleon.) 4-366, 
475, 485 
Archegonium (bot.) 4-54, 64 
Archimedes (Gr. math.) 2-346 
buoyancy principle 3-185 
engineering, history of, 
6-11 
planetarium 1-54 
Archimedes’ principle (phys.) 
3-185 
Arc lamp 2-396 
Arctic fox (zoo!) 5-76 
Arctic Ocean 
currents 2-258 
Arctic regions 
jet stream 2-110, 111 
Arctic right whale see Bow- 
head whale 
rk see Greenland 
shark 
Arctic tern (bird) 4-416 
migration 4-464 
Arcturus (star) 1-33, 186, 193 
Area 
circle 1-375 
cylinder 1-382 
geometric formulas 6-394 
prism 1-381 
similar solid 1-383 
sphere 1-385 
Arecibo Observatory, P.R.. 
illus. 1-58 
Aréte (geol.) 2-193 
Argon (elem.) 3-36 
Argonaut see Paper nautilus 
Aridisol (soi!) 4-18 
Ariel (astron,) 1-137 
Aries (constellation) 1-34 
Arietid (meteor shower) 1-166 
Aristarchus (moon crater) 
1-112, 113, 315 
Aristarchus of Samos (Gr. as- 
tron.) 1~4, 80, 295 
Aristotle (Gr. philos.) 
classification of plants and 
animals 3-513 
four elements, theory of 
2-358 
marine biology, work in 
2-225 
matter, theory of 3-46 
ARITHMETIC (math.) 1-346-51 
332 
binary numerals 1-446 fol 
computers 1-463 
logarithms 1-360 


Arctic 


INDEX 
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Arithmetic and logic unit (com- 
puter sci.) 6-146 
Arithmetic series (math.) 
1-362 
Arlandes, Marquis d’ (Fr. bal- 
loonist) 6-100 
Arm (anat.) 5-182, 326; illus. 
5-182 
Arm, Artificial 3-454; illus. 
3-454 
Armadillo (zoo!.) 2-489 
Armature (elec.) 3-230 
Armillary sphere (sky model) 
1-54; illus. 1-54, 55 
Armstrong, Neil A. (Amer. as- 
tro.) 1-277, 278, 282 
Army ant see Driver ant 
Army worm (insect) 4-291 
Aromatic hydrocarbon (chem.) 
3-140 
Arrowhead (bot.), illus. 4-66 
Arsenic (elem.) 3-36 
radioisotope tracers 3-327 
solar battery 2-380, 381 
water pollution 2-459 
Arteriole (anat.) 5-209; illus. 
5-213 
Arteriosclerosis (med.) 5-217 
Artery (anat.) 5-207 fol.; illus. 
5-211 
Artesian well 2-176; illus. 
2-175 
ARTHRITIS (med.) 5—456-59 
Arthrodire (paleon.) 4-481, 


482 
Arthropod (zool.) 4-188, 251 
caves 2-103 


spiders 4-239 
Artificial heart 5-469: illus. 
5-215, 469, 470 
valves, illus. 5-216 
Artificial immunity (path.) 
5-258 
Artificial respiration (physiol.) 
5-222 
Artificial satellite see Satellite, 
Artificial 
Artificial tooth 5-250; i//us. 
5-250 
Artiodactyla (zool.) 5-15 
Artyukhin, Yuri (Sov. cosmo- 
naut) 1-279 
ASA numbers (phot.) 6-248 
Asbestos (min.) 
air pollution 2-470 
crystal structure 3-119 
insulation 6-25 
Asbestosis (disease) 2-470; 
5-475 
Ascending colon (anat.) 5-238 
Aschelminthes (zool.) 4-185 
Ascomycetes see Sac fungus 
Ascorbic acid see Vitamin C 
Ascospore (bot.) 4-48 
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Asexual reproduction 3-459 
algae 4—35 fol. 
bacteria 4-23 
cloning 3-508 
coelenterates 4—201 fol. 
fungi 4-43, 47, 48 
plants 4-5 
sponges 4-199 
Ash (residue) 
air pollution 2-467, 468 
coal 2-320 
Ash (tree) 4-175; illus. 4-120 
fruit, illus. 4-165 
Ash, Volcanic see Volcanic 
ash 
Asparaginase (drug) 
leukemia treatment 5-479 
Asparagus (bot.) 4-61 
Aspen (tree) 4-170 
Asphalt (petroleum product) 
2-310, 316, 318 
roofing material 6-25 
Aspiration, Level of (psych.) 
5-414 
Assassin bug (insect) 4-263 
Assaying 6-28, 35 
Assembler (computer program) 
1-478 
Assembly language (computer 
programming) 1-476, 
478 
Association area (anat.) 5-268 
Associative laws (algebra) 
1-354 
Astacidae (zool.) 4-234 
Astatine (elem.) 3-36 
Aster (cytology) 3-395 
ASTEROID (astron.) 1158-60, 
84, 164 
moon 1-301, 306 
organic chemicals 1-323 
Asthma (med.) 
air pollution 2-469 
allergy 5-446 
Psychosomatic disorder 
5-419 
Astigmatism (ophthal.) 5-280 
Astigmatism (optics) 3-291: 
6-302 


Astraea (asteroid) 1-159 
Astrogeology (sci.) 1-301 
See also Moon, Geology of 
the; and names of other 
Planetary bodies 
Astronauts 
manned space flights, list 
1-277 fol. 
Astronomical observatory see 
Observatory 
Astronomical unit (meas.) 
1-102 
Astronomy 
asteroids 1-158 
black holes 1-240 


Astronomy (cont 
calendar 1— 
comets 1-14 
constellatio 25 
Copernica m 1-80, 
81 
Copernicus. * olas 1-79 
cosmic rays i 3 
cosmology 
eclipse 1~1 
galaxies 1-: 
history 1-2 i 
interstellar 1-200 
mathematics 37 
meteorites steors 
1-161 
Milky Way 1 
moon 1—1( fol 
night sky 1 
observator 5 
planetariun 4 
planets see 
cific plar 
Ptolemaic 1-80 
pulsars 1 
quasars 1-2 
radar applic 6-199 
radio astror 1-58 
solar system 1 
solid geome sein 
1-385 
star 1-179 
sun 1-65 
telescopes 1 
variable stars 1 13 
X-ray astronomy 1-174 
Aswan High Dam 
ecological eff 
2-403 
Atacama Desert, Chile 2-93, 
415 
Athabasca tar sands, Can. 
2-311 
Atherosclerosis (med.) 5-216; 
illus. 5-216 
Athlete’s foot (med.) 4-53 
Atlantic Ocean, j//us. 2-265 
abyssal plains 2-265 
currents 2-256 fol. 
ocean deeps 2-266 
plate tectonics 2-25 
ridge 2-22, 266; map 2-19 
tides 2-244 
trenches 2-264 
Atlantic puffin (bird), illus. 
4-418 
Atlantic Ridge (oceanog.) 
2-266; illus. 2-265 
Atlas (anat.) 5-179; illus. 5-179 
Atlas Centaur rocket, illus. 
1-254 
Atlas moth (insect) 4-294 
ATMOSPHERE 2-105-12, 7 
air circulation 2-126 


of, illus, 


ind fogs 2-145 
cosmic rays 1-223 
earth 1-99 
Mars 1-121 
piar 1-86, 318 
pol n 2-413 
res | power of tele- 
scopes 1-37 
roc ~246, 253 
Sp: ght 1-263 
sur 5 
wa ntains gases from 
wat porin 2-156 
we 2-113 fol. 
wei 3-189 
Atmosp © pressure 2-106, 
107: 3-189 
boil oint 3-16 
ear terior 2-56 
Atoll (o 0g.) 2-267, 222; 
i 214, 220 
ATOM (; chem.) 3-46-51; 
2 3-10; illus. 
3 144 
Bo lar system theory 


vemical reactions 


t arrangement 3-53 
itus. 3—53 fol. 
/ particles 3-310 


v 3-218; illus. 3-218 
3-59 
3-320 
wave 3-339 
illus. 3—52 
ductivity 3-369 
e 3-52 
ration 3-252 


gy see Nuclear en- 


(Atomic weight) 
1.. phys.) 2-358 fol.: 
fol., 49, 64 
isotopes 3-59 

Atomic mass unit (meas.) 3-48 

Atomic model (phys.) 3-47 

Atomic nucleus see Nucleus, 
Atomic 

Atomic number (chem. phys.) 
2-359; 3-36 fol., 50, 53 

Atomic orbital (phys.) 3-340 

Atomic reactor see Nuclear 
reactor 

Atomic resolution microscope 
6-315 

Atomic rocket see Nuclear 
rocket 

Soni wary (phys.) 3-310, 

11 


See also Atom 


Atomic weight see Atomic 
mass 
Atomizer 3-191; illus. 3-192 
ATOM SMASHER (phys.) 
6-356-65; 1-229; illus. 
3-322 
radioisotopes 3-326 
Atom-smashing (phys.) 2-360 
ATP (Adenosine triphosphate) 
(biochem.) 3-428; 
5-189 
plant metabolism 4-71 
ATS see Applications Technol- 
ogy Satellite 
Atwood, Wallace (Amer. sci.) 
1-55 
a.u. see Astronomical unit 
Audion (electron.) 
telephone 6-172 
Audio signal (TV) 6-206 fol. 
Auditory canal (anat.) 3-265; 
5-281; illus. 5-281 
Auditory nerve (anat.) 3-265 
Auger mining 2-324 
Augmenter-reducer (psych.) 
5-296 
Augustus (Rom. emp.) 
calendar 1-171 
Auk (bird) 4-418 
Auricle (anat.) 5-208, 211, 281 
Auricular fibrillation (med.) 
5-217 
Auriculo-ventricular node 
(anat.) 5-213 
Auriga (constellation) 1-35 
Aurora (astron.) 1-70 
atmosphere 2-111, 112 
Aurora 7 (spacecraft) 1-277 


Aurora australis (astron.) 1-19; 


3-247 

Aurora borealis (astron.) 1-19; 
3-247; illus. 1-78; 2-105 

Australian baobab (tree) 4-171 

Australian pine see Casuarina 

Australopithecus (paleon.) 
4-489 

Autism (mental disorder) 

vitamin Bs 5-372 

Autogiro (aero.) 6-106 

Autograft (med.) 5-461 

Automated freeway system 
6-99 

Automatic control system 
6-368 fol. 

Automatic machine 6-366 

Automatic tide gauge (instru.), 
illus. 2-247 

Automatic transmission (auto.) 
6-82; illus. 6-82 

Automatic volume control 
(radio) 6-186 

AUTOMATION AND ROBOT- 
ICS 6-366-77 

cybernetics 6-368 


AUTOMOBILE 6-70-86 
abandoned automobiles 
2-450 
air pollution 3—467, 461, 
470 
auto graveyard, illus. 2-451 
battery 3-151 
cooling system 3-89 
decelerating force in colli- 
sions 3-178 
energy consumption 2-295 
engine 6-64, 98, illus. 6-63 
future 6-98 
gears 3-159 
hydraulic brakes 3-187 
motion 3-173, 175, 177 
simple machines combined 
3-160 
skidding 3-179, 180 
urban mass transportation 
6-94 
Autonomic nervous system 
(anat.) 5-272, 419 
Autopilot (flight control device) 
1-258; illus. 1-259 
Autotrophic bacteria (biol.) 
4-24 
Autumn (season) 
constellations 1-34; map 
1-30 
Autumnal equinox (astron.) 
1-23 
Avalanche 4-193 
Average (statistics) 1-409 
psychological research, 
use in 5—406 
Average deviation (statistics) 
3-414 
Aversion therapy 
alcoholism treatment 
5-429 
Aves (zool.) 4-366 
See also Bird 
Aviation see Aeronautics 
Avocet (bird) 4-418 
Avogadro, Amedeo (It. sci.) 
1-359; 3-20 
Avogadro’s hypothesis (chem.) 
3-20 
Avogadro's number (chem.) 
1-359; 3-20 
Axial skeleton (anat.) 5-176 
Axis (anat.) 5-179; illus. 5-179 
Axis deer (zool.) 5-118; illus. 
5-118 
Axon (anat.) 5-261; illus. 5-262 
Aye-aye (zool.) 2-492; 5-134 
Azalea (bot.), illus. 4-107 
Azimuth (astron.) 1—20 
animals’ direction finding 
3-442 
Aztecs (Amer. Indians) 
ritual calendar, illus. 1-172 
Azurite (min.), illus. 2-38 
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Baade, Walter (Ger. astron.) 
1-219 
Babbage's hypothesis of 
mountain formation 
2-80 
Babesia bigemina (zool.) 
4-195 
Babirusa (zool.) 5-112 
Baboon (zool.) 5-139; 
illus. 5-134 
group life 4-455 
Baby 5-330; illus. 5-346, 348, 
349 
breathing cycle 5-227 
crawling, illus. 5-347 
emotional development 
5-307 
physical growth 5-346 fol. 
Babylonian civilization 
algebra 1-353 
numerals 1-339 
plane geometry 1-366 
tile, development of 6-22 
Baby tears (bot.) 4-156 
Bacillary dysentery (med.) 
5-241 
Bacillus (bact.) 4—22: illus. 
4-23 
Bacitracin (antibiotic) 5-482 
Backbone (anat.) 5-151, 178: 
illus. 5-151 
Background radiation (astron.) 
1-178 
Back lighting (phot.) 6-249 
Backwashing (cleaning sand 
filters) 2-443 
Bacon, Francis (Eng. philos. 
and writer) 3-407 
Bacon, Roger (Eng. philos., 
sci.) 6-103 
BACTERIA (biol.) 4-22-31 5 
illus. 1-316 
adaptations 4-140, 141 
attack by viruses 3-398, 
399 
bioluminescence 3-433 fol. 
exobiological experiments 
1-322 
ground water 2-179 
nitrogen fixation 4-19 
recombinant DNA 3-504 
fol. 
Sewage purification 2-504, 
506 
Shigella 5-241; illus. 5-241 
viruses linked to 3-378 
Bacterial vaccine (med.) 5-258 
Bactericidal action (med.) 
5-480 
Bacteriolysin (biochem.) 5-257 
Bacteriophage (virus) 3-399: 
illus. 3-402 
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Bacteriostatic action (med.) 
5-480 
Bactrian camel (zool.) 5-114; 
illus. 5-115 
Bacubirito iron meteorite 
1-163 
Badger (zool.) 5-90; illus. 5-90 
Badlands (geol.) 2-417 
Baekeland, Dr. Leo (Belg.- 
Amer. chem.) 6-275 
Baeyer, Adolf von (Ger. chem.) 
6-275 
Bagworm (entom.) 4-295 
Bailly (moon crater) 1-107 
Baily’s beads (astron.) 1-116, 
146 
Baird, John L. (Brit. sci.) 6-202 
Bakelite (plastic) 6-275 
Baker's yeast (bot.) 4-48 
Baku oil fields, USSR 2-304, 
306 
Balance (Equilibrium) 5-289 
Balata rubber (tree) 4-175 
Bald cypress (tree) 4-168; 
illus. 4-166 
Bald eagle (bird) 4-386; illus. 
2-490; 4-386 
Baldness 5-174 
Baleen (whalebone) 5-10, 54 
Baleen whale (zool.) 5-53 
Ball-and-socket joint (anat.) 
5-182, 184; illus. 5-182 
Ball lightning, illus. 2-143 
Ball mill (metal.) 6-31; illus. 
6-30 
Balloon 2-107; 6-100 
atmospheric research 
2-109, 129 
Echo 1 satellite 1-269 
lifting power 3-195 
Operation Skyhook, illus. 
1-223 
weather balloons 2-119 
Ballot, Christoph H. D. 
(Du. meteorol.) 2-135 
Ball python (snake) 4-352 
Balsa (tree) 4-171 
Balsam (bot.), illus. 4-110 
Balsam (resin) 6-20 
Balsam fir (tree) 4-166 
Baltimore & Ohio Railroad 
6-87 
Banded anteater (zool.) 5-23 
Banded sand snake (zool.) 
4-353 
Bandicoot (Zool.) 5-23 
Band-tailed pigeon (bird) 
4-398 


Banff National Park, Can. 
2-480 

Bank (aero.) 6-117 

Bank (oceanog.) 2-261 

Bank-and-turn indicator 
(instru.) 6-114 


Banking 
computer cations 
1-4 
Banyan tree ( 4-91, 171 
Baobab (tree) 4 illus. 4-79 
Barbados Oceanographic and 
Meteorolovical Experi- 
ment 2 
Barber chair 
operated raulic pres- 
sure 3 
Barberry (bo 
wheat-be ust 4-50 
Barbiturate 432 
Barchan (s 2-427 
illus, 2 
Bardeen, Joh phys.) 
3-370 6-145 
Barium (elem ) à 
Barium-lantha 140 (iso- 
tope) 3 
Barium platin ide (chem.) 
3-300 
Bark (bot.) 4 164; illus. 
4-164 
Barnacle (zoc 2; 4-237 
Barnard, Dr. ©} aan N. 
(S. Afr. sı ~465; 
illus. 5-4 
Barnard, Edward (Amer, as- 
tron.) 1 09 
Barn-door ska ) 4-325 
Barn owl (bird) 4 ); illus. 
4-384 
Barograph (inst 2-118; 
illus. 2-1 
Barometer (ins 2-107, 117, 
118; 3-1 
aneroid 2-107, 118; 3-189; 
illus. 2-1 3-190 
Torricelli's »meter, illus. 
2-107; 3-190 
Barred owl (bird) 4-390 


Barred spiral galaxy (astron.) 
1-218; illus. 1-220 
Barrier bar (geo|.) 2-215 
Barrier island (geo!|.) 2-210, 
212 
Barrier reef 2-214, 222, 262, 
267, 268; illus. 2-211, 
217, 220 
BART see Bay Area Rapid 
Transit System 
Baryon (phys.) 3-312 314, 319 
uarks 3-321 
paved number (phys.) 3-316 
Basal metabolic rate (physiol.) 
5-389 
Basalt (rock) 2—14, 50; illus. 
2-51 
caves 2-101 
mid-oceanic ridge 2-275 
moon rocks 1-302, 309. 
311 


BASE (chem.) 3-93-98 
electrolytes 3-446 
Base (math.) 1-348 
Base-eight numeral system 
Octal numeral system 
Base-siy een numeral system 
{exadecimal 
r eral system 
Base-te» numeral system see 
{ nal system 
Base-iw ve numeral system 
jJuodecimal system 
Base-t imeral system see 
í numeral system 
BASIC \puter program lan- 
) 1-480 
Basidi etes see Club fun- 
Basilay mbrane (anat.) 
3 j: 5-283 
Basilisk l.) 4-344; illus. 
4 
Basking snark (fish) 4-322 
Basophi ysiol.) §-201 
Bat (zo 6, 13; illus, 2-97; 
cave 102 
ect ition system 
3 263; illus, 3-452 
migration 4-466; illus. 
4-4 +65 
Batch p ssing (data pro- 
é }) 1-459, 469 
Batholith |) 91.) 2-13; illus. 
2 
mo 2-85 
Bathymetric chart (oceanog.) 
2-2 llus. 2-224 
Bathyscap™e (deep-diving 
vehicla) 2-278 
Battery, E'sctric 3-149 
Battery, tage 3-150, 151, 
22 
Baud rate (computer sci.) 6-150 
Bauersfeid, Walter (Ger. sci.) 


1-55 
Baum, William A. (Amer. as- 
tron.) 1-222 
Bauxite (min.) 
aluminum metallurgy 6-39 
Bay (geog) 
waves 2-240 
Bay Area Rapid Transit Sys- 
tem (BART) 6-96; illus. 
6-97 
Bayer, Johann (Ger. astron.) 
1-181 
Bayeux tapestry, illus. 1-152 
Bay lynx see Bobcat 
CS theory of superconductiv- 
ity (phys.) 3-370; illus. 
3-369 
Beach (geol ) 2-205 fol.; illus. 
2-206 fol., 212 


Beach cusp (geol.) 2-208 
Beaded lizard (zool.) 4-341, 
344 
Beagle (Brit. ship) 3-455 
Beak (ornith.) 3-476; 4-371 
birds of prey 4-383 
perching birds 4-427 
Bean (bot.) 4-116 
biological rhythms and 
clocks 3-444 
germination, illus. 4-131 
growth affected by gib- 
berellins, experiment 
3-408; illus. 3-409, 412 
growth affected by light, 
illus, 4-80 
root cross section, illus, 
4-91 
seed, illus. 4-66 
time-training 3-440 
Bean, Alan L. (Amer. astro.) 
1-278, 279, 282, 283 
BEAR (zool.) 5-77-83; 2-490; 
illus. 2-488 
Bear cat see Binturong 
Beat (acoustics) 3-268 
Beaufort, Sir Francis (Eng. 
adm.) 2-129 
Beaufort wind scale 2-129 
Beaver (zool.) 5-39; illus. 5-39 
homebuilding 4-456 
teeth 3-476 
Becquerel, Alexandre-Edmond 
(Fr. phys.) 6-158 
Becquerel, Antoine Henri 
(Fr. phys.) 
radioactivity 2-360 
Bedbug (insect) 4-263 
Bedding plane (geol.) 
caves, formation of 2-97 
Bedrock (geol.) 2-10 
BEE (insect) 4-271-74 
communications 4—455 
larva development, illus. 
3-425 
pollinating a flower, illus. 
3-438 
Beech (tree) 4-172 
bud, illus. 4-164 
Bee fly (insect) 
mimicry 3—480 
Beehive 4-455; illus. 4-272 
Beehive oven (metal.) 
coke production 2-332; 
6-43 
BEETLE (insect) 4-277-87 
bioluminescence 3-435 
Bee tree see Linden 
Begonia (bot.) 4-161; illus. 
4-159 
Behavior, Animal see Animal 
behavior 
Behavioral psychology 
animal behavior 4-454 


Beijerinck, Martinus W. (Du. 
bot.) 3-396 
Beisa oryx (zool.) 5-128; illus. 
5-128 
Belemnite (paleon.) 2-289; 
4-486 
Bell, Alexander Graham (Scot.- 
Amer. inv.) 6-13, 168 
hydrofoil 6-134 
sound recording 6-214 
Beluga (whale) 5-59 
Belyayev, Pavel | (Sov. cosmo- 
naut) 1-277 
Bends (med.) 5-228 
Ben Franklin (ship) 
Gulf Stream exploration 
2-259; map 2-257 
Bengal tiger (zool.), illus. 
2-489 
Benguela Current (ocean cur- 
rent) 2-256 
Benign tumor (med.) 5-471 
Benthos (biol.) 2-231; illus. 
2-231 
Bentley, Wilson (Amer. mete- 
orol.) 2-165 
Bentonite (rock) 2-432 
Benz, Karl (Ger. eng.) 6-63, 71 
Benzene (chem.) 
products 2-334 
structural formula 3-140; 
illus. 3-52 
Benzol (chem.) 
injury to bone marrow 
5-176 
Beragovoi, Georgi T. (Sov. cos- 
monaut) 1-278 
Berezovoy, Anatoly (Sov. cos- 
monaut) 1-279 
Bergedorfer Spectral-Durch- 
musterung (Bergedorf 
Spectral Catalogue) 
(star survey) 1-210 
Bergen School (Nor. meteorol.) 
2-122 
Bergius hydrogenation pro- 
cess (coal liquefaction) 
2-334; illus. 2-334 
Bergman, Torbern Olof (Swed. 
chem.) 6-41 
Bergschrund (geol.) 2-193 
Beriberi (disease) 5-367, 370 
Berkelium (elem.) 3-36 
Berm (backshore of beach) 
2-207 
Bernoulli, Daniel (Swiss phys.) 
3-189 
Bernoulli’s principle 3-189, 
191; 6-115 
airplanes 6-128 
boat collisions, illus. 3-188 
jet water pump, illus. 3-188 
Berry (bot.) 4-113 
Berylliosis (med.) 2-470 
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Beryllium (elem.) 3-36 
atomic structure, illus. 
3-221 
Berzelius, Joens Jakob (Swed. 
chem.) 3-69, 130 


Bessel, Friedrich Wilhelm (Ger. 


astron.) 1-9, 138 
Bessemer, Henry (Brit. inv.) 
6-45 

Bessemer converter (steel) 
6-45 

Bessemer process (steel) 
6-45, 42 

Best Friend of Charleston 
(locomotive) 6-87 

Beta (video cassette recorder) 
6-222 fol. 

Beta particle (phys.) 3-325 
parity law violated 3-346 
penetrating power; illus. 

3-326 
Beta-Taurid (meteor shower) 
1-166 
Beta-tin 3-79 
Betatron (phys.) 6-347, 362; 
illus. 6-349 
Betelgeuse (star) 1-34, 186, 
193; illus. 1-42, 191 
Betel palm (tree) 4-169 
Bethe, Hans (Ger.-Amer. phys.) 
1-76 

Bevatron (phys.) 6-364 

Bible, Gutenberg 6-228 

Biceps jerk (reflex) 6-265 

Biceps muscle (anat.) 5-192: 

illus, 5-196 
Biconcave lens (optics) 6-300, 
301; illus. 6-300, 301 
Biconvex lens (optics) 6-300, 
301; illus. 6-300, 301 
Bicuspid (tooth) 5-245: illus. 
5-245 
Bicuspid valve (anat.) 
5-208 


Biela's comet 1-151 
Bielid (meteor shower) 1-166 
Big-bang theory (astron.) 1-13, 
15, 245; illus. 1-14, 16 
radio astronomy 1-64 
Big Dipper (astron.) 1-24, 26 
Big Horn Medicine Wheel, 
Wyo., illus. 1-45 
Big Inch (pipeline) 2-338 
Bile (biochem.) 5-236 
Billet (steel) 6-51 
Billet mill (steel) 6-52 
Bimetallic thermometer see 
Thermometer 
BINARY NUMERAL SYSTEM 
1-446-52, 344 
computer 1-464, 466: 
6-146 
computer Programming 
1-476, 477 
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Binary star (astron.) 1-193; 
illus. 1-244 
black holes 1-243, 245 
Binet, Alfred (Fr. psych.) 5-415 
Binet-Simon intelligence test 
5-415 
Binocular magnifier (instru.) 
6-303 
Binocular microscope (instru.) 
6-304 
Binocular stereomicroscope 
(instru.) 6-304; illus. 
6-306 
Binocular vision (optics) 5-279 
Binomial nomenclature (biol.) 
3-514 
Binomial series (math.) 1-365; 
illus. 1-363 
Binturong (zool.) 5-93 
Biochemical oxygen demand 
(oxygen used by decay- 
ing materials in water) 
2-502 
BIOCHEMISTRY 3-426-31 
carbohydrates, fats, and 
minerals 5-378 
DNA and RNA 3-496 
outer space 1-317, 318 
photosynthesis 4-87 
plants 4-71 
radioisotope studies 3-327 
vitamins 5-367 
BIOELECTRICITY 3-445-49 
fish 3-478 
BIOFEEDBACK 5-421-24 
BIOLOGICAL CLOCK 
3-438-44; 4-82 
Biological control of insects 
2-409; illus. 2-411 
Biological research 
cryogenic applications 
6-332 
BIOLOGICAL RHYTHM 
3-438-44 
Biology see Animal, Life of: 
Bio-chemistry; Bionics: 
Botany; Evolution: Exo- 
biology; Life; Marine 
biology; Plant; Zoology 
BIOLUMINESCENCE 3-432--37 
firefly 4-282 
fish 4-312 
Biomass (ecology) 2-375, 404 
Biome (ecology) 3-488, 495 
habitats of world, map 
3-492 
BIONICS 3-450-54; 6-373 
Biopsy (med.) 5-476 
Biosatellite (spacecraft) 1-266; 
~ illus, 1-266 
Biosphere (biol.) 3-488 
Biotic community (ecology) 
3-494 
Biotin (biochem.) 5-368, 372 


Biotite (min.) 2-14 


Bipolar cel! 5-276 
Birch (tree illus. 4-170 
bark 4-164 
BIRD (z00 -90 
adapte \~476 
behavi eeding sea- 
son 3 
behavic iting season 
4-4 
bioloc eythms and 
cloc 444; illus, 
3—44 
bioni 451 
Caves 2 
cuckoos ningbirds, 
woo 5 4-400 
direct 1g 3-442: 
illu 
endan ecies 2—486, 
493 
flight! 
forelir 2 
foss 86 
>: 4-461, 
nests ¢ 
perchi 4-427 
Pigeon ves 4-397 
seeds j by 4-123 
water a re birds 
4-412 
wild fov 91 
BIRD, Life of )-78 
BIRD, Perching 4-427-42 
Bird-eating spider see Taran- 
tula 
Bird feeder 4 illus. 446 
fol 
Bird house see Nesting box 
BIRD OBSERVATION 
4-445-§ 
Bird of para ool.) 4-444 


Bird’s-nest fungus (bot.) 4-51: 
illus. 4-50 
Bird-wing butterfly 4-292 
Birth see Childbirth 
Bishop's cap cactus (bot.), 
illus, 4-150 
Bismuth (elem.) 3-36 
Bison (zool.) ë 
extinction, threatened with 
2-477 a 
migration 4—46 
Bit onay digit) 1-465; 6-146, 
224 
Bittern (bird) 4—424 
Bituminous coal 2-322, 331, 
332, 335 
coke 1-332 
Bivalves (zool.) 4-219 : 
Bjerknes, Vilhelm (Nor. mete 
orol.) 2-122 
Black ape (zool.) 5-139 


Black-backe jackal (zool.) 
5-73 
Black bear í 
Black-bel' 
4-4 
Blackbird 4-435, 442 
feedin 19, illus. 
4-3 
Blackbody 
3-3 
grap! 
Black bre 
illus 
Blackbuck 131 
Blackett, ' A. S. (Brit 
sci 
Blackfish whale 
Black-foot t (zool.) 
2-4 
BLACK H¢ on.) 
1-2. 178, 188 
quasar 
relativi 3-359 
Black honc nsect) 
4-2 
Black-lune 
2-3 
Black-neck 
4-3: 
Black oak 
4-1) 
Black pine 66 
Black pow: wder) 
1-24 
Black Rapi er, Alas 
2-19 
Black rasp! $. 4-94 
Black River 18, 2-185 
Black salar {zool.) 
4-33. 
Black skim rd), illus. 
4-415 
Black snake 
356 
Black swan ít 4-420 
Black water besile (insect) 
4-280 
Black widow spider (zool.) 
4-246; illus. 4-246 
Black-winged stilt (bird) 4-418 
Black wolf (z00).) 5-71 
Bladder kelp (bot), i/lus. 4-38 
Bladderwort (bot.) 4-138 
Bladder wrack (bot.), illus. 
4-39, 140 
Blanc, Mont, Fr., illus. 2-84 
Blast cell (anat.) 5-328 
Blast furnace 6-42; j/ius. 6-46 
copper metallurgy 6-37 
iron ore, illus. 6-44 
lead smelting 6-35, illus. 
6-34 


|.) 5-82 
niover (bird) 


tion (phys.) 


bot.) 4-47; 


e (med.) 
a (snake) 


71; illus 


4-348, 353, 


Blastula (embryol.) 3-421; illus. 
3-421 


Bleeding (med.) 5-219 
Vitamin K deficiency 
5-377 
Blenny (fish), illus. 4-457 
Blepharisma (biol.) 4-197; 
illus. 4-197 
Bleriot, Louis (Fr. aviator) 
6-105 
Blight (plant disease) 4—46; 
illus. 4—49 
Blimp (airship) 6-102 
Blind 
portable sonar apparatus 
3-454; 6-290 
Blind experiment 3-413 
Blindfish (zool.) 2-103; illus. 
2-103; 4-303 
Blind snakes (zool.) 4-350 
Blind spot (eye) 5-277; illus. 
5-280 
Blister beetle (insect) 4-287 
Blister copper (metal.) 6-38 
Blizzard 2-166 
BL Lacertae (quasar) 1-238 
Block and tackle (mach.) 
3-160; illus. 3-160 
Block lava (geol.) 2-69 
Blomberg’s toad (zool.), illus. 
4-330 
BLOOD 5-198-206, 151, 160 
circulation 5-207 
nitrogen content 5-361 
PH values 3-97 
radioisotope tracers 3-327 
supply to brain during 
sleep 5-397 
Blood cell, illus. 5-204 
Blood clotting 5-202, 204 
colloids 3-114 
Vitamin K 5-377 
Blood group 5-205 
Blood island (biol.) 5-321 
Blood plasma 5-160, 198 
transfusion 5-206 
Blood pressure (physiol.) 
5-214 
sleep 5—401 
Blood transfusion (med.) 
5-206 
Blood vessel (anat.) 5-320 
lung, illus. 5-223 
Bloodworm (entom.) 4-264 
Bloom (steel) 6-51; i//us. 6-49 
Blooming mill (steel) 6-51 
Blowhole (whale nostril) 5-53, 
54 
Blow molding (p!astics indus.) 
6-283; illus. 6-282 
Blowout (geol.) 2-429; illus. 
2-431 
Blubber (fat) 
whale 5-51 
Blue beech see New World 
hornbeam 


Bluebird (zool.) 4-435; illus. 
4-434 

Blue crab (zool,) 4-235, 473; 
illus. 4-237 

Blue fox (zool.) 5-76 

Blue gas see Water gas 

Blue giant star 1-219 

Blue-green algae see Cyano- 
phycota 

Blue Grotto, cave, Bay of Na- 
ples, It. 2-101 

Bluejay (bird), illus. 4-445 

tools, use of 4-459 

Blue mold (bot.) 4-48 

Blue shark (fish) 4-321; illus. 
4-316 

Blue supergiant star 1-219 

Blue whale (zool.) 2-491; 
4-468; 5-55 

Bluford, Guion S., Jr. (Amer. 
astro.) 1-279 

Boa (snake) 4-350, 351; 3-477; 
illus. 2-495; 3-477 

Bobcat (zoo!.) 5-107; illus. 
5-106 

Bobko, Karol J. (Amer. astro.) 
1-279 

Bobolink (bird) 4-442 

Bobwhite (bird) 4—393; illus. 
4-392 

Bode, Johann Elert (Ger. as- 
tron.) 1-84, 137; illus. 


1-85 
Bode’s law (astron.), 1-84; 
illus. 1-85 


asteroids 1-158 
Bodo (biol.) 4-193 
Body, Automobile 6-83 
Body, Human 5-149 
aging 5-360, 356 
allergies 5-444 
bioelectricity 3-445 
biological clocks and 
rhythms 3-444 
bionics 3-450 
defenses 5-253 
growth and development 
5-346; illus. 3-352 
health 5-364 
water content 2-433 
See also Anatomy, Human; 
Physiology 
BODY, HUMAN, Defense of the 
5-253-60 
Body cell (anat.) 3-508, 509, 511 
Body mechanics 
bionic study 3-453 
Body of the stomach 5-232 
Body temperature 
exercise 5-391 
mammals 5-4 
regulation by skin in the 
human body 5-171 
whale 5-51 


INDEX 


411 


412 


Body wall (anat.) 
human embryo, develop- 
ment in 5-323 
Boeing 747 (airplane), illus. 
6-118 
Bog 
coal formation of 2-321 
peat moss 4-56 
Bohr, Niels (Dan. phys.) 3-335, 
47, 252; 2-360; illus. 
3-331 
Boil (abscess) 5-255 
Boiler, Steam 6-58 
Boiling 3-207 
Boiling point 3-16, 207 
solution 3-103 
Boiling-water nuclear reactor, 
illus, 2-361 
Bologna stone (min.) 2-46 
Bolometer (instru.) 3-250 
Bolyai, Janos (Hung. math.) 
1-401 fol., 335 
Bomb (combustion) calorime- 
ter 3-203; illus. 3— 203 
Bombardier beetle (insect) 
3-479 
Bombing radar 6-197 
BONE (anat.) 5-175-86, 150 
baby 5-351 
changes with age 5-357 


fossils 4-476 
healing of broken, illus. 
5-259 
Bone marrow 5-201; illus. 
6-327 


red blood cells 5-176 
transplant 5-468 
Bongo (zool.) 5-127 
Bony fish (ichth.) 
fossils 4-482 
Booby (bird) 4-426 
Bookbinding 6-239 
Book lungs (zool.) 4-241 
Boomslang (snake) 4-355 
Booster ( rocketry) see Launch 
vehicle 
Booster pump 
heart aid, illus. 5-468 
Boötes (constellation) 1-33 
Bora (wind) 2-132 
Bordeaux mixture (fungicide) 
4-46 
Bore, Tidal see Tidal bore 
Boring sponge (zool.) 4-200 
Borman, Frank (Amer. astro.) 
1-277, 278 
Born, Max (Ger. Phys.) 3-339; 
illus. 3-331 
Boron (elem.) 3-36 
electron arrangement 
3-53; illus. 3-53 
ocean, compound present 
in 2-227 
solar battery 2-380, 381 


INDEX 


Bose-Einstein statistics 
(math.) 3-313 
Boson (phys.) 3-313, 314 
Boston fern (bot.) 4-155; illus. 
4-157 
Botany (sci.) 4-6 
See also Plant 
Bothe, Walther (Ger. phys.) 
1-224 
Bottle-nosed dolphin (zool.) 
5-66; illus. 5-62 
Bottle-nosed whale (zoo!.) 5-59 
Bottle tree see Australian 
baobab 
Bottom quark (phys.) 3-322 
Bouguer, Pierre (Fr. sci.) 1-98 
Boulder (geo!.) 2-199 
Bourdon spring gauge (instru.) 
3-195 
Bouvard, Alexis (Fr. astron.), 
1-138 
Bouwers-Maksutov system 
(telescope) 1-39 
Bowerbird, illus. 4-441 
Bowhead whale (zool.) 5-57 
Box turtle (zoo!.) 4-360 
Boyle, Robert (Eng. chem.) 
3-14, 205 
elements 3-46 
Boyle's law (phys.) 3-14, 195, 
205; illus. 3-13 
B-quark see Bottom quark 
Brachial plexus (anat.) 5-272 
Brachiopoda (z001.) 4-186, 485 
fossils 4-479 fol., 483; illus 
4-476 
Brachiosaurus (dinosaur) 
4-485 
Bracket fungus (bot.) 4-51 
Bragg, Sir William H. (Brit 
phys.) 2-42; 6-344 
Bragg, Sir William L. (Brit. 
phys.) 2-42; 6-344 
Brahe, Tycho (Dan. astron.) 
1-6, 52, 88 
comets 1-156 
nova 1-64, 195 
universe, theory of the, 
illus. 1-5 
Brain (anat.) 
animals’ and human's com- 
pared, illus. 5-154 
dinosaurs 4-485 
mammals 5-4 
Brain, Human (anat.) 5-266, 
153, 261; illus. 5-268, 398 
brain rhythms 3-448 
comparison with animals’, 
illus. 5-154 
connection to spinal cord, 
illus. 5-270 
connection to spinal cord 
and peripheral system, 
illus. 5-273 


Brain, Huma nt.) 


deve n the embryo 
5 
para 60 
sleep 5 
vis 
Brainstem 5-269, 266, 
39 
Brain wave 
sleep § 
sleep illus. 5-403 
wave llus. 5-397 
Brake (Bra 1.) 4-59: 
illu 
Brake (1 
aut 35; illus. 
6 
hydre 
Bramble |! 4-134 
Branca, Gi t eng.) 6-57 
Branched onfiguration 
(che 3 
Branchial : t.) 5-327 
Branchial c it.) 5-327 
Brand, Van mer. astro.) 
1-2 
Brandenst« viel C. (Amer. 
astre 
Brass (alic 
buildir 11 6-23 
Brass instr mus.) 
3-2 
Brattain, Walt (Amer. 
phys 6-145 
Brazil Current an current) 
2-257 
Bread 
leavening ves catalytic 
action 3 illus. 3-74 
Bread mold ít 4 a 47, 48; 
6-324 4-4 
Break-even point (metal.) 6-35 


Breastbone see Sternum 
Breasted, James Henry (Amer. 
archaeo.) 1-169 
Breathing see Respiration 
Breccia (rock) 2-15 
moon 1-309. 313 
Breech presentation (child- 
birth) 5-330 
Breeder reactor (phys.) 2-367 
Breeding see Genetic engineer 
ing: Genetics Reproduc- 
tion 
Breguet, Louis-Charles 
(Fr. eng.) 6-106 
Breit, Gregory (Amer. eng.) 
6-193 
Brewer's yeast (bot) 4-48 
Brick 
building material 6-22 
Brick Moon, The, nov. (Hale) 
1-286 
Bridge, Dental 5-251 


Briggs, Robert (Amer. sci.) 
3-509 
Bright-field illumination 
(optics) 6-318; illus. 
6-308 
Bright-line st 
3-298 
Brightness | 
Brine (salt s 
electroly 148 
Briquette (f: z 34 
Bristle worm 4-230 
British Isles lus. 2-216 
Brittleness | 3-28 
Brittle star | 206: illus. 
2-22. 
Broadband s» 
6-166 
Broadcasting 
radio 6 
televisix 
Broadcasting io 
televisioy 6-200, 203, 
208 
Broad-leafec ' 4-168 
Broad-spectri tibiotics 
(med ) 5 18 
Brocket (zoo 
Broglie, Louis v. d r. phys.) 
3-338 3-331 
Bromhall, J. £ k (Brit. sci.) 
3-509 
Bromine (ele 
seawater 2 
Bronchiole (a 21: illus 
5-223 
Bronchiole rav 
illus. 5 
Bronchoscope {.), Mus 
6-295 
Bronchus (ana 221; illus. 
5-223 
Brontosaurus d 
Bronze (meta 
building material 6-23 
Brood pouch (zoo! ) 3-482 
Brookhaven National Labora- 
tory, Up! N.Y 
cosmotron 6-364; illus. 
6-357 
Brooks, W. R. (Amer. astron.) 
1-157 
Broom rape (bot }. i//us. 3-486 
Brown, Lieut. Arthur (Eng. avia- 
tor) 6-105 
Brown, Robert (Scot bot.) 
3-12. 109 
Brown algae see Phaeophy- 
ceae 
Brown bear (zool.) 5-80 
town coal 2-322 
townian movement (phys.) 
3-12. 348 
Colloidal suspension 3-109 


rum (phys.) 


3-308 


34 


ying (teleg.) 


t.) 5-221 


saur) 4-485 


Brown loose smut (plant dis- 
ease), illus. 4-49 
Brown pelican (bird) 4-426; 
illus. 4-426 
nesting, illus. 2-478 
Bruise (med.) 
bone 5-186 
Brunel, Isambard K. (Brit. eng.) 
6-367 
Brush-footed butterfly (insect) 
4-293 
Bryce Canyon National Park, 
Utah, illus. 2-279 
Bryde's whale (zool.) 5-56 
Bryophyta (bot.) 4-9, 54 
Bryozoa (zool.) 4-186 
Bryum (moss) 4-55 
Bubble 
boiling 3—16; illus. 3-17 
Bubble chamber (phys.), illus. 
6-332 
cosmic ray analysis 1-224 
Bucherer, A. H. (Ger. phys.) 
3-355 
Buckeye (tree) 
leaf, illus. 4-163 
Bud (bot.) 4-92 
trees 4-164; illus. 4-164 
Budding (biol.) 
coelenterates 4-201, 202 
plants 4-5 
sponges 4-199 
yeast 4-47 
Buerger's disease (med.) 
smoking 5-440 
Buffalo (zool.) 
Quaternary period 4-489 
Buffer (chem.) 3-446 
human body 3-97 
Buffon, Comte de (Fr. nat.) 
collision theory (astron.) 
2-3 
Bug, True (insect) 4-262 
BUILDING TECHNOLOGY 
6-21-26 
effects on environment 
2-465 
insulation 3-209 
solar heating and cooling 
2-352; illus. 2-350, 353 
Bulb (bot.) 4-94 
Bulk flotation (metal.) 6-32 
Bulk modulus (phys.) 3—27 
Bullen, Keith E. (Austr. sci.), 
2-53 fol.; 1-100 


Bullfrog (zoo!.) 4-329, 332, 334, 


336; illus. 4-329 
longevity 4-335 
Bull shark (fish) 4-323; illus. 
4-319 
Bull snake (zool.) 4-353. 354 
Bumblebee (insect) 4-274 
Bunsen, Robert Wilhelm (Ger. 
chem.) 1-9; 2-74 


Bunting (bird) 4—439; illus. 
4-437 
Buoyancy 
experiment, illus. 3-185 
gases 3-194 
liquids 3-185 
Buprestidae (entom.) 4-282 
Burbidge, Geoffrey (Brit. as- 
tron.) 1-239 
Burdock (bot.) 3-481 
Burrowing snakes (zool.) 
4-350 fol. 
Bursa (anat.) 5-195 - 
Bursitis (med.) 5-195 
Burying beetle (insect) 4-280 
Bus (elec. conductor) 2-393 
Bushcombine (mach.) 6-17 
Bushmaster (snake) 4-357 
Bush pig (zool.) 5-112 
Business 
microfilming 6-258 
Butadiene (chem.) 2-318 
natural gas 2-344 
Butane (chem.) 3-133 
BUTTERFLY (entom.) 
4-288-95; 2-495 
adaptations 3-480 
migration 4-473 
Button (metal.) 6-35 
Buttonwood (tree) 4-171 
Buzzard (bird), illus. 4-368 
Bykovsky, Valery F. (Sov. cos- 
monaut) 1-277 
By-product oven (metal.) 
2-332; 6-43; illus. 2-333 
Byssinosis (disease) 2-470 
Byte (computer) 1—465, 466; 
6-146 


c 


Cabbage butterfly (insect) 
4-292 
Cabbage webworm (entom.) 
4-291 
Cable (elec.) 2-392; 394; 6-166 
submarine 6-167, 170, 172; 
2-225 
telephone 6-170 
Cable television 6-212 
Cable-tool drilling 2-312 
Caboose (railroad) 6-90 
CACTUS (bot.) 4-149-53, 156; 
illus. 2-13; 3-479; 4-106, 
144, 155, 159, 160 
adaptations 3-479; 4-143 
Cadmium (elem.) 3-37 
secondary battery 3-152 
water pollution 2-459 
Cadmium poisoning (med.) 
2-469 
CAECILIAN (zool.) 4-331-32, 
328, 329 


INDEX 


413 


414 


Caecum (anat.) 5-238 
Caesar, Julius (Rom. dictator) 
calendar 1-171 
Caesarian section (surg.) 
5-330 
Caesar’s amanita (bot.) 4-52; 
illus. 4-52 
Cahow (bird) 2-493 
CAI see Computer-Assisted 
Instruction 
Caiman (zool.) 4-364 
Caisson (eng.) 3-193 
Caisson disease see Bends 
Calcaneus (anat.) 5-185; il/us. 
5-181, 185 
Calcarea (zool,) 4-200 
Calcareous algae (bot.) 4-479 
Calcareous sinter (calcium car- 
bonate) 2-175 
Calcination (metal.) 6-34, 39 
Calcite see Calcium carbonate 
Calcium (elem.) 3-37 
deficiency in older persons 
5-361 
earth's crust, percentage of 
macromineral in the human 
body 5-382 
meteorites 1-165 
moon 1-310 
protoplasm 3-386 
radioisotope tracers 
3-327 
salts of, in ocean 2-227; 
illus, 2-226 
soil 4-20 
spectrum, illus. 3-335 
Calcium bicarbonate (chem.) 
3-92 
caves 2-95, 99, 100 
Calcium carbonate (chem.) 
2-16, 40, 43, 48; 6- 267 
caves 2-95, 99, 100 
coral reefs 2-221 
fossils 4-479 
ground water 2-175 
identification 2-48 
metamorphism 2-41 
water hardness due to 
2-446 
Calcium hydroxide (chem.) 
3-98, 102 
Calcium phosphate (chem.) 
bones 5-175 
Calcium sulfate (chem.) 
gypsum 2-98 
water hardness 2-446 
Calculator, Electronic, illus. 
1-459 
CALCULUS (math.) 1431-37, 
133; 3-162 
Caldera (crater) 1-307; 2-63 
Caledonia Mountains, Scot.- 
Norway 2-25 


INDEX 


Caledonian Disturbance (geol.) 
4-481 
CALENDAR 1-168-73; 3 
Calendering (indus.) 
plastics 6-284; illus. 6-283 
Calends (Rom. dates) 1-170 
California 
geothermal power plants 
2-354, 355 
California, Gulf of 
coast 2-212 
California barrel cactus (bot.) 
4-152 
California boa (snake) 4-352 
California Current (ocean cur- 
rent) 2-258 
Californium (elem.) 3-37 
Calla lily (bot.), illus. 4-156 
Callisto (astron.) 1-128; illus. 
1-127 
Caloric theory (theory of heat) 
3-197 
Calorie (heat, energy meas.) 
3-202; 5-380 fol. 
Calorimeter (device) 3-203; 
illus. 3-203 
Cam (mech.) 6-65; illus. 6-65 
Cambium (bot.) 4-68, 76, 90, 
94, 95 
Cambrian period (geol.) 2-280; 
4-479 
Cambridge University, Eng. 
radio telescope, i/lus. 1-64 
CAMEL (zool.) 5—114-15 
Camera (phot.) 6-240 fol.: 
-293 
eye compared with 5-277 
home video recording 
6-222 
microfilm, illus. 6-258 
television 6-206; i/lus. 
6-201 
Camera obscura (optics) 6-241 
Camouflage (biol.) 3-480, 456 
insect 4-257 
walkingsticks, illus. 4-260 
Camphor tree (bot.) 4-173 
Camshaft (mech.) 6-65; illus. 
6-65, 66 
Canada goose (bird) 4-420, 
421, 465; illus. 4-421 
Canada porcupine (zool.) 
3-479 
Canaries Current (ocean cur- 
rent) 2-258 
Cancellous bone 5-176 
Cancer (constellation) 1-33 
CANCER (med.) 5-471-79 
colon, illus. 5-242 
detection by ultrasonic 
scanner 6-291 
liver 6-281 
radioisotopes 3-327, 328 
skin 6-341 


CANCER 


smok cause of 
5-4 
stoma colon 5-243 
virus ns 3-396, 401 
X-ray t nt 6-348 
Candlenut ot.) 4-174 
Canidae s family 
Canine (tc e Cuspid 
Canis Maj stellation) 
1-3 
Canis Min stellation) 
1-2 
Canker so ) 5-248 
Cankerwor mM.) 4-291, 
295 
Cannon (r 
mediev 1 
Cannon, W B. (Amer. phys- 
iol.) 414 
Cannon-be evice 3-197; 
illus 
Canoeing. 482 
Canopus ( 35 
Cantor, Ge r. math.) 
1-3 
Canvasbac ) 4-423 
Canyon (g¢ 118 
Canyon, St ne see Sub- 
mari on 
Canyon Dia iz. 1-164 
Canyonland ional Park, 
Utah 2-279, 481 
Cape Cod © Mass. 
tidal cur 2-246 
Cape huntin (zool.) 5-75 
Capella (star j, 186 s 
Capillarity (p 3-24; illus. 
3-24 ‘ 
Capillary (an -209; illus. 
5-213 
lungs 5-4 illus. 5-223 
Capricornus | stellation) 
1-34 


Caprimulgiformes (zool.) 4-404 
Cap rock (geo!.) 2-336 
Capuchin monkey (zool.) 
5-136 } 
Capybara (zoo!) 5-43; illus. 
5-43 
Car see Automobile 
Carabidae (entom.) 4-280 
Caracal (zool.) 5-107 
Carapace (shell) 4-358; illus. 
5-150 
CARBOHYDRATE (chem.) 
5-378-80; 3-383 fol., 
381 
chemical structure 3-142 
Carbon (elem.) 3-37, 129 fol. 
activated 3-117; illus. 
3-116 : 
atomic structure 3-131; 
illus. 3-49, 131, 132, 148 


Carbon (cont.) 
biochemistry 1-317 
coal 2-320, 322 
compounds 3-4 


1, compound present 
-227 

ter space 1-318 

active carbon dating 
ê a) 


8 4) 
sun 1~76 
See o Diamond; Graph- 
Carbon--12 (isotope) 3-50 
Carbon--74 (isotope) 3-329 
dating 6-350 fol. 
Carbonate (chem.) 2-39 


Carbonate hardness (chem.) 


Carbon black (chem.) 2-318, 


Carbon e (phys.) 1-76 
Carbon dioxide (chem.) 
air pollution 2-125, 463, 
atmosphere 2-105, 106, 


110, 4 


caicium bicarbonate forma- 


ìr reactors 2-365 
ocean water 2-228 
photosynthesis 4-3, 63, 73, 

76, 87 
plant respiration 4-63, 76 
Venus 1-95 
Carboniferous period (geol.) 
2-281, 284 
amphibians 4-329 
coal 2-321 
fern-leaf fossil, illus. 2-286 
fossils 4-482 
plants 4-60 

Carbon monoxide (chem.) 
air pollution 2-468 
coal mines 2-329 
Comet 1-151 
fuel gases 2-333 

Carbon steel (alloy) 6-55 

Carbon tetrachloride (chem.) 

3-58; illus. 3-58 

Carbon tissue (rotogravure 

Printing) 6-237 


Carbureted water gas 2-333 
manufacture, illus. 2-334 
Carburetor (mech.) 6-65; illus. 
6-66 
automobile engine 6-75; 
illus. 6-78 
Carcajou (zool.) see Wolverine 
Carcinogen (med.) 5-475 
Carcinoma (med.) 5-473 
Cardiac cycle (physiol.) 3-449 
Cardiac sphincter (anat.) 5-231 
Cardinal (bird) 4-439; illus. 
4-437, 458 
Carey, C. R. (Amer. inv.) 6-200 
Caribbean Sea 
currents 2-258 
Caribou (zool.) 5-123; illus. 
5-116, 117 
migration 4-466; illus. 
4-466 
Caries see Dental caries 
Carina (constellation) 1-35 
Car lift 
Pascal's law, illus. 3-186 
Carlsbad Caverns, N.Mex. 
2-98; illus. 2-95 
Carnassial teeth (anat.) 5-10 
dog 5-69 
Carnivorous animal (zool.) 
3-487; 5-10, 14 
adaptations 3-476 
fossils 4-485, 486 
Carnivorous plant (bot.) 3-478; 
4-102 
Carolina parakeet (bird) 2-486 
Carotene (biochem.) 3-385; 
5-368 
Carotenoid (biochem.) 3-385 
Carpal bone (anat.) 5-183; 
illus. 5-182, 183 
Carpenter, M. Scott (Amer. 
astro.) 1-277 
Carpenter ant (insect) 4-270 
Carpenter bee (insect) 4-272 
Carpet python (snake) 4-352 
Carr, Gerald P. (Amer, astro.) 
1-279 
Carrel, Alexia (Fr. Amer. biol., 
surg.) 5-360 
Carrier current (elec.) 2-396 
Carrier telephony 6-173 
Carrion beetle (insect) 4-280 
Cartesian co-ordinate (math.) 
1-393; 3-344; illus. 
3-344 
Cartilage (anat.) 5-175 fol. 
arthritis 5—456 fol. 
transformed into bone 
5-351 
Cartilaginous fish 4-316 
Cartridge (stereo equipment) 
6-217; illus. 6-216 
Cartridge recorder 6-221 
Cascade process (phys.) 3-361 


Cascade Range, mts., U.S. 
2-66 
Cascadian Revolution (geol.) 
4-487 
Casein plastic 6-274, 275, 
278 
Case-study method 
psychological research 
5-407 
Cashew (tree) 4-174 
Cassava (bot.) 
crushing cassava, illus. 
5-379 
Cassegrainian focus (optics) 
1-38, 48 
Cassette, Video see Video cas- 
sette 
Cassette recorder 6-221; illus. 
6-221 
Cassini, Giovanni Domenico 
(It.-Fr, astron.) 1-133, 134 
Cassini's division (astron.) 
1-133 
Cassiopeia (constellation) 
1-27; illus. 1-214 
nova 1-195 
Cassiopeia A (astron.) 1-63, 
64, 177; illus. 1-174 
Cassowary (bird) 4-381; illus. 
4-376, 381 
Casting (indus.) 
plastics 6-283 
steel products 6-54 
Cast iron (metal) 6-41 
building material 6-24 
carbon content 6-42 
Cast-iron pipe 2-438, 447 
Castor (star) 1-35 
Castor bean (bot.), illus. 4-117 
Casuarina (tree) 4-169 
Catabolism (biochem.) 3-428; 
illus. 3-427 
Catalpa (tree) 4-175 
fruit, illus. 4-165 
CATALYSIS (chem.) 3-69-75 
Catalyst (chem.) 3-66 
Catalytic converter (auto.) 
3-73 
Catalytic cracking (petroleum 
indus.) 2-317; 3-73; 
6-263 
Catamount (zool.) see Puma 
Cataract (med.) 5-277 
Catatonia (psych.) 5-298 
Catbird (ornith.) 4-433; illus. 
4-447 
Caterpillar (entom.) 4-255, 290 
fol., 295; illus. 4-289, 290 
legs 4-253 
CAT FAMILY (zool.) 5-97—107 
bone cells, i//us. 3-390 
endangered species 2-490 
evolution 4-488 
eye glow 3-432 


INDEX 


415 


Cathode (electron.) 3-145 fol.; 
6-140 fol.; illus. 6-140, 
141 
photoelectric cell 6-160 
fol. 
Cathode-ray oscilloscope (in- 
stru.) 3-448 
Cathode-ray tube 6-143 
computer display device 
1-470 
Catkin (bot.) 4-169; illus. 4-169 
Catskill Mountains, N.Y. 2-76 
Cattell, Raymond B. (Amer. 


psych.) 5-414 
Cattleva (orchid), illus. 
4-154 


CATV (Cable TV) 6-212 
Caustic soda see Sodium 
hydroxide 
CAVE (geol.) 2-94-104 
formation 2-161 
ground water 2-174 
Lascaux cave, illus. 6-355 
Cave dweller (anthro.) 2-103, 
104 


Cavendish, Henry (Eng, sci.) 
gravitation experiment 
3-165; illus. 3-166 
Cave of the Winds, Niagara 


Falls, N.Y. 2-101 
Cave painting (prehistoric art) 
2-104 


Cave temple 2-104 
Cavitation (phys.) 6-136 
Cavy (zool.) 5-43; illus. 5-43 
Cay (island) see Key 
Cayley, Sir George (Brit. Bi., 
inv.) 6-103 
CB RADIO 6-192 
Cecropia moth (insect) 4-294; 
illus. 4-293 
caterpillar, illus. 4-290 
Cedar (tree) 4-168 
fruit, illus. 4-165 
Cedar of Lebanon (tree) 4-168 
Ceilometer (instru.) 2-153 
Celestial equator (astron.) 
1-20, 22 
Celestial globe 1-54, 55 
Celestial mechanics, Laws of 
Space guidance 1-257 
Celestial sphere (astron.) 1-19, 
385; illus. 1-17, 21 
CELL (biol.) 3-382-95, 374, 
380, 426 fol.: 5-158; illus. 
5-158 
animal 4-178 
bioelectricity 3-446 
Colloidal particles 3-114 
DNA and RNA 3-496 
electron micrograph of cell 
culture, illus. 6-315 
glucose broken down in, 
illus. 3-429 


INDEX 


CELL (cont.) 
malignant 5-472; illus. 
5-471 
membrane 3-431 
osmosis 3-105 
plant 4-2, 78 
reproduction 3-498 fol.; 
illus. 3-500 
sex 3-459 
viral infection 3-397 fol. 
Cell division see Meiosis; Mito- 
sis 
Cell fusion (cloning) 3-511 
Cell sap (bio!.) 3-389 
Celluloid (plastic) 6-272, 274, 


275 

Cellulose (chem.) 3-379 385, 
386; 4-2; 6-274 

Cellulose acetate (plastic) 
6-274, 279 

Cellulose nitrate (chem.) 
6-274, 278 


Cellulose plastics 6-274, 279 

Celsius, Anders (Swed. astron.) 
3-199 

Celsius temperature scale 
3-12, 199, 368; 6-391; 


illus. 3-12 

Cementum (anat.) 5-244; illus. 
5-244 

Cenozoic era (geol.) 2-283; 
4-487 


Centaurus X-3 (star) 1-244 
Center of curvature (optics) 
6-301; illus. 6-300 
Center of gravity 3-168: illus. 
3-168, 170, 179 
triangle 1-372 
Centipede (zool.) 4-249, 250; 
illus. 4-186, 250 
Central deafness 3-268 
Central office (tel.) 6-170 
Centralized traffic control 
(CTC) (railroad) 6-91 
Central nervous system see 
Cerebrospinal nervous 
system 
Central Processing unit (com- 
puter science) 1-463, 476 
6-149; illus. 1-330 
microprocessors 6-146 
Centrifugal force (phys.) 3-179 
Centrifugal Pump 2-437, 448 
Centrifuge (mach.) 3-180, 429; 
illus. 3-180 
Centriole (biol.) 3-388 
Centripetal force (phys.) 3-179 
Centrosome (biol.) 3-388: illus. 
Cephalochordate (zool.) 
4-297 
Cephalopoda (Zool,) 4-217 
fossils 4-480, 481, 483, 
485; illus. 4-480 


Cepheid vari (star) 1-191, 
198 

Cepheus (c lation) 1-27 

Cerambycic itom.) see 
Long | beetle 

Ceramic 

colloid nomena 

3-115 

Cerebellar | here (anat.) 
5-26: 

Cerebellum 5-269 

Cerebral ane heory of 
sleep ( |.) 5-397 

Cerebral arter erosis (dis- 
ease) 

Cerebral cor! vat.) 5-266 
fol.; 3 

evolutior immals 5-4 

Cerebral her res see Cer- 
ebrur 

Cerebral her ige (med.) 
5-218 

Cerebral thr is (med.) 
5-274 

Cerebrospina: j (anat.) 
5-266 

Cerebrospin« Jus system 
(anat.) £ 261 

Cerebrum (ar 266, 154 

Ceres (astro; 159 

Cerium (elem. 

CERN 6-365 

Cernan, Euger Amer, as- 
tro.) 1-27 284; illus, 
1-303 7 

Cerro Tololo Inte: American 
Observatory, Chile 1-44, 
52 

Cervical plexus anat.) 5-272 

Cervical vertebra (anat.) 
5-179; illus. 5-181 


Cervix (anat.) 5 
Cesium (elem.) 3 
ion-drive rocke 
radioisotopes 3-327 
Cesium Chloride (chem.) 
3-121; illus. 3-120 
Cesspool 2-506 
Cestriacont shark (paleon.) 
4-482 
Cetacea (zool.) 5-14, 50, 61 
Cetus (constellation) 1-35 
variable star ice 
Ceylon moss (bot.) 4— 
Chagas disease (med.) 4-193 
Chain, Ernest Boris (Ger.-Brit. 
biochem.) 5-481 ; 
Chain reaction (phys.) 2-360; 
illus. 2-359 bane 
Chalcedony geode (min.), illus. 
2-42 
Challenger expedition 2-225 
Chalone (biochem.) 
tumor regression 5-479 


Chambered == utilus (zool.) 


4-219: 5-471; illus. 
1-366 221 

Chamberlin >. (Amer. 
astro 3 

Chameleor 4-338, 345, 
456; 338, 457 

color ch 3-114 

Change of = -t< (phys.) 3-205 

Change (st i} 2-418, 420; 
illus. 2 42 

Chanute, O \mer. aero.) 
6-10 

Chaos (bio! 4; illus. 4-195 

Character & er (psych.) 
5-29) 

Characteris irt of loga- 
rithm 1 

Charadriifo: ornith.) 
4-41 

Chargaff, Er Aus.-Amer. 
bioch 

DNA 3+ 

Charge, Electncs! see Electri- 
cal ct 

Charge conju ən (phys.) 
3-316 

Charles, Ja: 

-Alex César 
(Frs 205 
hydrog: on 6-100 

Charles’ lav w) 1-357; 
3-14 

Charon (ast; 84 

Chassis, Aut: ile 6-83 

Checkered supper (butterfly), 
illus. 4 4 

Cheek, Hums» ‘anat.) 

epithelia illus. 3-383; 
6-324 
Cheese 
cheesemaking, illus. 3-75 
mold 4— 

Cheetah (200) ) 2-490, 491: 
5-104 3, 3-496; 
5-104 

Chelonia (zoo!.) see Turtle and 
Tortoise 


Chemical analysis 
chromatography 3-124 
spectroscopy 3-335 
titration 3-98 

Chemical change see Chemical 

reaction 

Chemical element see Element 

Chemical energy 3-7 

Chemical engineering 6-4, 13 

eget evolution of life, 

eory of 1-318 
CHEMICAL INDUSTRY 
6-261-72 
acids, bases, and salts 
3-98 


CHEMICAL INDUSTRY (cont.) 
Coal-derived chemicals 
2-334 
natural gas 2-344 
petroleum 2-318 
Chemical-process industry 
6-262, 268 
CHEMICAL REACTION 
3-60-68, 4 
Catalysts, effect of 3-70 
electrochemistry 3-143 
electron exchanges 2-359 
radioisotopes 3-327 
valence 3-52 
water's role in 3-90 
Chemical symbols 3-60 fol.; 
list 3-36 fol. 
Chemiluminescence 3-434 
Chemistry (sci.) 3-8 
acids, bases, salts 3-93 
atom 3-46 
biochemistry 3-426 
catalysis 3-69 
chemical industry 6-261 
chromatography 3-124 
colloids 3-107 
compounds 3-3 
crystals 3-118 
electrochemistry 3-143, 228 
elements 3-2, 36 
entropy 3-216 
isotopes 3-59 
liquid crystals 6-296 
liquids and gases 3-183 
mathematics 1-336 
metals and nonmetals 3-76 
microscopes 6-299 
mixtures 3—4 
Nobel Prize winners 6-381 
organic chemistry 3-129 
outer space 1-317, 318 
periodic table of elements 
3-29 
photosynthesis, chemistry 
of 4-87; illus. 4-86 
reactions 3-60 
solutions 3—99 
valence 3-52 
water 3-86 
wood products 6-20 
Chemosynthetic bacteria 4—24 
Chemotherapy (med.) 5-478; 
6-270 
Cherrapunji, India rainfall 
2-157 
Cherry (tree) 
blossom, illus. 4-62 
fruit, illus. 4-113, 165 
Chesapeake Bay, U.S. 2-211 
Chest (anat.) 5-179 fol.; illus. 
5-180, 227 
Chestnut (tree) 4-172: illus. 
4-174 
fruit, illus. 4-165 


Chestnut blight (plant disease) 
4-48, 172 
Chezy, Antoine de (Fr. sci.) 
6-12 
Chickadee (bird) 4—437; i/lus. 
4-436 
Chickamauga Dam, Tenn., 
illus. 2-390 
Chicken 
embryo development 
3-424; illus. 3-422 
pecking order 4—455 
Chi Cygni (star) 1-198 
Chigger (zool.) 4—429 
Child 
personality development 
5-297 
physical growth 5-346 fol. 
psychology 5-415 
rheumatoid arthritis 5-457 
Childbirth 5-329 
Child psychology 5-415 
Chimaera (fish) 4-326; illus. 
4-324 
Chimpanzee (zool.) 5-140 fol.; 
illus. 5-138 
symbolic behavior 5-145; 
4-460 
tools, use of 4-459 
China 
numerals 1-340; illus. 
1-343 
printing 6-228 
China Sea 
tides 2-244 
Chinch bug (entom.) 4-263 
Chinchilla (zool.) 5-42; illus. 
5-42 
Chinook (wind) 2-132 
Chipmunk (zool.) 5-38 
Chiroptera (zool.) 5-13 
Chitin (zool.) 4-231, 277 
Chiton (zool.) 4-225 
Chladni, Ernst F. F. (Ger. phys.) 
3-279 
Chlamydomonas (algae) 4-35, 
192 
Chlorination 
sewage purification 2-503 
water purification 2-440, 
445; illus. 2-442 
Chlorine (elem.) 3-37, 57; illus. 
3-55, 56, 144 
cancer 5-474 
chemical activity 3-84 
derivatives 6-265 
electrochemical reactions 
3-143 fol. 
macromineral in human 
body 5-383 
production 6-265; illus. 
6-265 
Chlorine fluoride (chem.) forma- 
tion 3-85; i/lus. 3-56, 84 


INDEX 


417 


418 


Chlorobenzene (chem.) 
structural formula 3-140 
Chlorohydrocarbon (chem.) 
6-266 
Chlorophyll (bot.) 3-386, 389, 
391; 4-84 fol. 
algae 4-32 
photosynthesis 4-3, 87 
protozoans 4-191 
seed plants 4-61 
Chlorophycota (bot.) 4-8, 34 
Chloroplast (bot.) 3-389; 4-85, 
87, 88; illus. 3-389, 4-3, 
88 
Choanichthyes (zool.) 4-303, 
482 


Choanocyte (zool.) 4-199: illus. 


4-199 
Chocolate 5-381 
Chokeberry (bot.), illus. 4-125 
Chokedamp (gas) 2-329 
Cholera (disease) 

bacteria, illus. 4-31 

Cholesterol (biochem.) 5-382 
Chondrichthyes (zool.) 4-300, 

316 


Chondrus crispus (bot.), illus. 
CHORDATE (Chordata) (zool.) 
4-296-99, 189 
Chorion (embryol.) 5-319; illus. 
5-321, 323 
Choroid coat (anat.) 4-275 
Chousingha (zool.) 5-128 
Christmas fern (bot.) 4-59; 
illus. 4-59 
Christmas tree (capping 
device), illus. 2-304 
natural gas 2-340 
Chromate (chem.) 
minerals 2-39 
Chromatic aberration (optics) 
1-39; 3-291; 6-302 
Chromatid (biol.) 3-395 
Chromatin (biol.) 3-389; illus. 
5-158 
plant cells 4-2 
Chromatogram 3-125 fol.; illus. 
3-126 
CHROMATOGRAPHY (chem.) 
3-124-28 
Chromatophore (biol.) 4-191, 
217 


snakes 4-347 
Chromium (elem.) 3-37 
electroplating 3-147 
malleability, lack of 3-77 
steelmaking 6-53 
trace element in human 
body 5-383 
Chromophycota (bot.) 4-8 
Chromoplast (biol.) 3-389 
Chromosome (biol.) 4-395, 
417, 459, 461 fol., 497 


INDEX 


Chromosome (cont.) 
cloning 3-508 fol. 
fruitfly, illus. 3-426 
human 5-332, 158, 316; 
3-416; illus. 3-413; 
5-333, 334 
Chromosphere (gaseous layer 
around sun) 1-66, 67, 
180; illus. 1-67 
Chromulina (biol.) 4-192 
Chrysalis (entom.) 4-290 
Chrysanthemum (bot.) 4-159 
Chrysomelidae (entom.) see 
Leaf beetle 
Chrysophyceae (bot.) 4-41 
Chyme (physiol.) 5-234 fol. 
Chymotrypsin (biochem.) 
5-236 
Cicada (insect) 
larval stage 4-255 
Cicindelidae (entom.) 4-279 
Ciconiiformes (ornith.) 4-412 
Cierva, Juan de la (Sp. inv.) 
6-106 
Cigarette lighter, i//us. 3-70 
catalysis 3-69 
Cilia (biol.) 5-220 
Ciliate (Ciliophora) (zool.) 
4-196 


Ciliated cell (biol.) 3-393 

Cinchona tree (bot.) 4-175 

Cinder notch (steelmaking) 
44 


Cinematic radiography 
6-349 
Cineraria (bot.), illus. 4-159 
Cinnamon bear (zool.) 5-82 
Circadian rhythm (biol.) 3-441, 
444 


Circle (geom.) 1-374, 370, 384; 
6-393; graph 1-395 
Circuit, Electrical see Electrical 
circuit 
Circuit breaker (elec.) 2-392, 
395; 3-235; illus. 3-235 
Circular accelerator (phys.) 
6-357 
Circular velocity (rocketry) 
1-252 
Circulating matrix (printing) 
6-230, 231 
CIRCULATORY SYSTEM 
(anat.) 5-207-19, 161: 
illus. 5-167 
aging, effects of 5-357, 360 
bird 4-373 
development in baby 5-350 
evolution in mammals 5-4 
exercise 5-394 
fish 4-309; illus. 4-310 
human, after birth, illus. 
5-327 


human, before birth 5-320; 
illus. 5-326 


Circumference of a circle 
(georm.) 4-370, 374, 375 
Circumpolar sta (astron.) 
1-21,2 
Cirque (ge 93 
Cirrhosis o ver (med.) 
alcoh ise of 5-427 
Cirriped (z0 237 
Cirro-cumu cloud 2-155; 
illus. 1 
Cirro-stratu d 2-155; 
illus 
Cirrus clouc 8, 155; illus. 
2-14 
Citicorp Cer Jilding, 
N.Y Y. illus, 6-24 
Citizens Ban io see CB 
radio 
Citizens Radi rvice 6-192 
Citric acid (( mold 4-48 
Citric acid cycle see Krebs cit- 
ric ac d 
Citron (bot 4-113 
City 
mass tr ation 6-92 
CIVET (zoo! 94 
Civil engine 6-4, 12 
Cladophora | | 4-37 
Cladoselach eon.), illus. 
4-484 
Clam (zool.) 4-221; illus. 
3-440; 4 2, 223 
fossils 4 
Clamworm (zo 4-230; illus. 
4-229 
Class (biol.) 3-514, 517 
Classical conditioning (psych.) 
5-308, < 
Classification of colors 3-308 


Classification of crystals 3-121 
CLASSIFICATION OF LIFE 


(biol.) 3-513-17 
animal kingdom 4-183 
birds 4-376 
fish 4-303 


insectivores 5-27 
mammals 5-13 
plant kingdom 4-8 
seed plants 4-63 i 
Classification of personality 
5-290 
Clastic rock see Fragmental 
rock 
Clavicle (anat.) 5-180, 181 k 
Clavius, Christopher (Bavarian 
math.) 1-172 K 
Clay (geol.) 2-15; 4-14 fol.; 
illus. 4-14 
caves 2-98, 101 
ground water 2-170, 177 
Clay, Jacob (Du. sci.) 1-224 
Cleanin, i 
ultrasonie devices 6-290; 
illus. 6-289, 291 


Clearwing moth (insect) 4-295 
e (biol). 5-159 

age (min.) 2-45 

Cleft palate (anat.) 5-326 
Cleopatra's Needle, obelisk, 


C., illus. 2-456 
Click beetle (insect) 4-281 
Cliff (geol.) 2-417 
Climate 
air lution 2-413, 463, 
470 
geological time scale 
280 fol. 
o currents’ effect on 
y illus. 2-256 
st »rmation influenced 
by 4-17 
vegetables and climate 
4€ 
w ersions’ effect on 
CLIMATES OF PAST AGES 


85-91 

munity (Climax for- 

mation) (bot.) 3-495; 
4-139 

sychology 5-416 

hermometer 3-200; 
3-200 

vat.) 

al 5-5 

watches 1-7 

vatch, illus. 6-298 

G (biol.) 3-508-12 

Closed loop system (cybernet- 
5) 6-371; illus. 6-371, 


thundercloud 2-138 
tropics 2-158 
Cloud chamber, illus. 1-225 
cosmic rays 1-224, 226 
Cloud seeding (meterol.) 
2-124, 125 
Clover (bot.) 
animal fodder, illus. 5-387 
Clover-leaf water fern (bot.) 
4-59 
Clown loach (fish), illus. 3-487 
Club fungus (bot.) 4-49; illus. 
4-43, 50 
Club moss (bot.) 4-60, 58; 
3-471 
Cluster of galaxies (astron.) 
1-178, 221 
Cluster-type variable (star) 
1-198 
Clutch (auto.) 6-81 
Coach, Railroad 6-89 
Coagulant (chem.) 
water purification 2-411 
Coagulation see Blood clotting 


COAL (min.) 2-320-35, 16; 
1-77 
air pollution 2-300 
chemicals derived from 
6-262 
climates of past ages 2-287 
coke production 6-43; 
illus. 6-46 
combustion 3-65 
energy 2-294, 297 fol. 
formation 3-196 
fossils 4-477, 482 
gasification 2-375 
solid wastes 2-302 
water pollution 2-301 
Coal dust 2-329 
spontaneous combustion 
3-65 
Coal gasification 2-332; illus. 
2-334, 343 
Coalinga, Calif. 
brackish water converted 
to fresh water 2-447 
Coal liquefaction 2-334; illus. 
2-334 
Coal oil see Kerosene 
Coal Sack (dark nebula) 1-35, 
202, 208, 211; illus. 1-208 
Coal tar 2-333, 334; 6-263 
Coast (geol.) 2-210 fol. 
Coastal drift 
analysis using radioiso- 
topes 3-327 
Coastal plain (geol.) 2-87 
Coasting orbit technique 
(space flight) 1-260 
Coast of emergence (geol.) 
2-210; illus. 2-211 
Coast of submergence (geol.) 
2-210 
Coaxial cable 
telegraph 6-166 
telephone 6-169 
television 6-207 
Cobalt (elem.) 3-37 
atomic number 3-50 
isotopes 3-59, 325, 327, 
328 
steelmaking 6-53 
trace element in human 
body 5-383 
Cobra (snake) 4-348, 350, 355, 
457; illus, 4-347 
Coccidiosis (vet. med.) 4-196 
Coccinellidae (entom.) 4-280 
Coccoloba (bot.), illus. 4-155 
Coccus (bact.) 4-22; illus. 4-23 
Coccyx (anat.) 5-179, 180; illus. 
5-181 
Cochlea (anat.) 3-265; 5-283; 
illus. 5-282 
Cock (bird) 4-378 
Cockatoo (bird) 4—401; illus. 
4-401 


Cockcroft, J. D. (Brit. phys.) 
6-357 
Cockroach (insect) 4-280 
fossils 4-482 
Coconut oil 5-381 
Coconut palm (tree) 3-481; 
4-169; illus. 4-68 
Cocoon (zool.) 
spider 4—242 
Cod (fish) 4-471 
Coding of pictures and docu- 
ments 
fiberscope 6-295 
Codling moth (insect) 4-291 
Codosiga (biol.) 4-193 
Coefficient of cubical expan- 
sion 3-205 
Coefficient of linear expansion 
3-204 
Coefficient of rigidity (phys.) 
3-27 
Coelacanth (fish) 4-303; illus. 
4-303 
COELENTERATE (zool.) 4-198, 
184, 203 
Coelom (embryol.) 5-325 
Coenzyme (biochem.) 3-384 
Co-enzyme A (biochem.) 5-372 
Coffee tree (bot.) 4-175 
Kentucky coffee tree leaf, 
illus. 4-163 
Cohesion (phys.) 3-23 
Coke (fuel) 2-332 
by-product ovens, illus. 
2-333 
by-products 2-334 
iron ore smelting 6-42; 
illus, 6-46 
melamine-formaldehyde, 
manufacture of 6-276 
water purification 2-441 
Coke oven, illus. 6-43, 46 
Cold 
cryogenics 6-328 
plant adaptation 4-137 
Cold (med.) 
allergy, form of 5-445 
vitamin C 5-375 
Cold front (meteorol.) 2-116, 
134 
Cold light see Luminescence 
Cold melt process (steel) 6-50 
Cold-type printing processes 
see Photographic type- 
setting 
Coleoptera (entom.) 4—277, 278 
Colgate, Stirling A. (Amer. sci.) 
1-238 
Coliform bacterium (biochem.) 
water pollution 2-439 
Collagen (biochem.) 
bones 5-175 
scleroderma 5-458 
Collagenous fiber (biol.) 5-170 
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Collarbone see Clavicle 
Collar cell see Choanocyte 
Collector (electron.) 6-144 
Colliding beam accelerator 
6-365 
Collimator (instru.) 3-297 
Collins, Michael (Amer. astro.) 
1-277, 278, 282 
Collins, Samuel (Amer. phys.) 
3-371 
Collision 
boat collision because of 
decreased water pres- 
sure 3-189; illus. 3-188 
Collision theory (astron.) 2-3, 4 
Collision theory of quasars 
1-238 
COLLOID (chem.) 3-107-17, 
386 
Colon (anat.) 5-238 
cancer 5-243; illus. 5-242 
Colonoscope (instru), illus. 
5-237 
COLOR 3-295-309 
colloidal particles 3-112, 
114 


insects 4-253 

minerals 2-44 

stars 1-193 

wavelengths 3-331 

See also Protective colora- 
tion 

Color (particle phys.) 3-323, 

324 


Colorado blue spruce (tree) 
4-166 

Colorado Plateau 2-89, 417 

Colorant (plastics indus.) 
6-277 

Color blindness 3-309; 5-341 

Color change 
birds 4-452 
lizards 4-339, 341 
Colorimeter (instru.) 3-308 
Color Photography 6-248, 251 
Color printing 3-307: 6-238; 
illus, 6-239 

Color-slide film See Transpar- 
ency film 

Color television 6-211; illus. 
6-211 

Color wheel, i//us, 3-303 

Columbia (space shuttle) 
1-279, 291 

Columbia Plateau, northwest- 
ern U.S. 2-14, 89 

Columbidae (ornith.) 4-353 

See also Dove: Pigeon 
Column (arch.) 

Greek, illus. 6-21 
Colymbiformes (ornith.) 4-412 
Coma Berenices (constella- 

tion) 1-33; illus. 1-205 
Coma cluster (galaxies) 1-221 
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Coma of a comet (astron.) 
1-86, 149, 150 
Comb jelly (Ctenophora) (zool.) 
3-433; 4-184 
Combustion (chem.) 
spontaneous combustion 
3-65 
water's effect 3-90 
Combustion, Heat of see Heat 
of combustion 
Combustion (bomb) calorime- 
ter 3-203; illus. 3-203 
Combustion chamber (mech.) 
rockets 1-249, 250 
COMET (astron.) 1-149-57, 19, 
85; illus. 1-82 
organic chemicals 1-322 
Command module (spacecraft 
component) 1-281 
Common bile duct (anat.) 
5-236 
Common loon (bird) 4-413 
Communication 
amateur and CB radio 
6-187 
cybernetic systems 
6-374 
interplanetary 1-323 
microfilm 6-254 
printing 6-228 
radar 6-193 
radio 6-174 
telegraph 6-163 
telephone 6-168 
television 6-200 
video cassettes and video- 
discs 6-222 
COMMUNICATIONS SATEL- 
LITE 1269-72, 266 
guidance 1-256 
Intelsat IV, illus. 1-254 
list 1-272 
solar battery 2-382 
Communications Satellite Cor- 
poration 1-271 
Community succession (ecol- 
ogy) 3-495 
Commutative laws (algebra) 
—354 
Commutator (elec.) 3-231 
Compact bone (anat.) 5-176 
Compact disc 6-216 
Comparative Psychology see 
Behavioral Psychology 
Comparison microscope (in- 
stru.) 6-310 
Compass (instru.) aircraft 
6-114 
Compass, Magnetic 3-241 fol.; 
6-114; illus. 3-239 
Compiler (computer Program) 
1-480 
Complementary color 3-307 
Complete flower (bot.) 4-105 


Complex numbe e Imagi- 
nary num 

Composite lens ics) 6-302 

Compositor (p 3) 6-230 

Compost (agr ) « 

Compound (ch: K 

Compound bar er-steel) 
3-204; illu 204 

Compound fra (med.) 
5-186 

Compound les ) 4-163; 
illus. 4- 

Compound mic ope 
(instru.) 303, 316; 
illus. 6- 6 

Compound ste gine 6-61 

Compressed a 13 

Compressed-a ase see 
Bends 

Compression | ics) 3-257 
fol. 

Compression g (plastics 
indus.) 6 illus. 
6-281 

Compression w seismol.) 
2-30 

Compressive s phys.) 
3-27 

Compressor sta natural 
gas indus 41,342 

Compton, Arthur Amer. 
phys.) 1- 

Compulsive neurs sis (psych.) 
5-298 

COMPUTER 1-467 - 74; illus. 
1-330, 345 3, 458; 
6-146 

binary numerals 1-446 

binary system 1-344 

bionics 3—45( 

data processing 1-455, 457 
fol. 

memory 5-309 


microprocessors 6-146 
portable terminal, illus. 
6-170 s 

rogramming 1-47: 
ae guidance 1-257, 262 
telegraphic systems 6-166 
weather forecasting 2-123 
Computer-aided design 1-470 
Computer-Assisted Instruction 
1-483 
Computer chip see Micropro- 
cessor 
Computer games 1-470 
Computer graphics 1-473 
Computerized axial tomogra- 
phy, illus. 6-345 
COMPUTER PROGRAMMING 
1-475-83 
airline-reservation system 
1-461 
multiprogramming 1-472 


Comsat = Communications 
Sate'lite Corporation 
Comstar communications sat- 
-272 
Concent)'« (metal.) 6-29 
Conch ( 4-225 
Concrete 4, illus. 3-65 
sews) material 2-501 
Concrete - pe 2-438 
Condens«19n 3-16, 103 
atmosy! eric water vapor 
2 
Condens ec.) 3-224; illus. 
6 
Condition: 4 /psych.) 5-308 
con ved reflex 5-265 
cond) «ved reflex in ani- 
ma 454 
condi d response 
5 13; illus. 5-413 
Condor 4-385 
Conduc: Electrical 2-384 
Conduct heat 3-78, 208 
Conduc ‘ectrical 3-76, 77, 
27 19, 232, 234 
Condyle ia: at.) 5-185 
Cone (b 54; illus. 4-10, 62 
coni 165 
Cone (g olcano 2-61 fol. 
Cone (o 1-383; illus. 
1 82, 383 
Cone (opihai.) 5-276 
Cone-bea+ir a plant (bot.) 4-64 
Cone crusher imach.) 6-30; 
illus 30 
Conglomerate (rock) 2-15, 50 
Congo ee! (salamander) 4-331 
Conic section (geom.) 1-377; 
illus. 4-154 
orbit 1-153 
Conidium (bot.) 4-43, 48 
Conifer (tree) 4-67, 165; illus. 
4-166, 167 


fossils 4-482, 484, 485, 487 
Conjugation (biol.), illus. 4-196, 
197 


bacteria 4-24 
Connecting rod (auto.) 6-76 
Connective tissue (anat.) 

5-160 

Muscle 5-187, 193 fol. 

Conrad, Charles, Jr. (Amer. 
astro.) 1-277 fol., 282, 
283 

Consegiiina, volc., Nicaragua 
see Cosigüina 

CONSERVATION 2-400-14 

endangered species 2-493 

energy 2-294 

flood control 2-188 

forestry 6-15 

marine biology 2-232 
Conservation of electrical 

charge (elec.) 3-316 


Conservation of matter and 
energy (phys.) 3-316 
chemical reactions 3-63 
continuous-creation theory 
1-15 
Conservation of momentum 
(phys.) 3-316 
Consonance (mus.) 3-274, 
275 
Constance, Lake, Eur. pollu- 
tion 2-458 
Constant-density-level balloon 
2-119 
Constantine (Rom. emp.) 
calendar 1-171 
Constant speed 3-172 
CONSTELLATION (astron.) 
1-25-35, 2; maps 1-27 
fol. 
night sky 1-17 
stars’ positions, changes in 
1-24 
Constipation (med.) 5-240 
Construction see Building tech- 
nology 
Construction engineering 6-5 
Constructive interference 
(optics) 3-301 
Contact allergen (med.) 5-446 
Contact microradiography 
6-311 
Contact print (phot.) 6-250 
Contact process (chem. 
indus.), illus. 6-267 
Continental code (teleg.) 6-164 
Continental divide (physiog.) 
2-181 
Continental drift 2-19, 265; 
illus. 2-277 
earthquakes 2-28 
mountains, formation of 
2-82 
Continental glacier see Ice 
sheet 
Continental island (geol.) 
2-215 
Continental rise (oceanog.) 
2-265 
Continental shelf (oceanog.) 
2-261; illus. 2-264 
islands 2-215 
Continental slope (oceanog.) 
2-262; illus. 2-264 
Continuous-creation theory 
(astron.) see Steady state 
theory 
Continuous emission spec- 
trum (phys.) 3-298 
Continuous-flow calorimeter 
3-203; illus. 3-203 
Continuous miner (mach.) 
2-325, 327, 328; illus. 
2-328 
Continuous-wave radar 6-194 


Contractile vacuole (biol.) 
4-194 
Contraction hypothesis of 
mountain building 2-79 
Control surface (aero.) 6-116 
Control unit (computer sci.) 
6-146 
Convection (heat) 2-146; 
3-211 
weather 2-113 
Convection theory of continen- 
tal drift (geol.) 2-21, 26 
Converging lens (optics) 6-300 
Converging meniscus lens 
(optics), illus. 6-301 
Convex lens (optics) 
telescope 1-38 
Cook, James (Brit. expl.) 2-225 
Cooley, Dr. Denton A. (Amer. 
surg.) 5-469 
Cooling system (auto.) 6-80; 
illus. 6-80 
Cooper, L. Gordon, Jr. (Amer. 
astro.) 1-277 
Cooper, Leon N. (Amer. phys.) 
3-370 
Cooper, Peter (Amer. ironmas- 
ter) 6-87 
Cooper pair (phys.) 3-370 
Co-ordinate see Cartesian co- 
ordinate 
Coot (bird) 4-419 
Copepod (zool.) 4-238 
Copernican system (astron.) 
1-5, 80, 81, 88; illus. 1-5, 
54, 80 
Copernicus (artificial satellite), 
illus. 1-242 
Copernicus (moon crater) 
1-305, 306, 315 
COPERNICUS, Nicholas (Pol. 
astron.) 1-79-81 
manuscript, illus. 1-87 
Copolymer (chem.) 6-274 
Copper (elem.) 3-38 
alloys 6-40 
building material 6-23 
electrochemical reactions 
3-145 fol. 
enzymes 3-386 
heat conduction 3-208 
heat of fusion 3-206 
open-pit mine, illus. 6-35 
properties 3-82 
radioisotope tracers 3-327 
smelting and refining 6-37: 
illus. 6-38 
sound, speed of, in copper 
3-262 
steelmaking 6-53 
trace element in the body 
5-383 
Copper butterfly (insect), illus 
4-294 


INDEX 


421 


422 


Copper chloride (chem.) 
electrochemical reactions 
3-145 fol. 
electrolysis, illus. 3-146 
Copperhead (snake) 4-357 
Copper-steel bar 3-204; illus. 
3-204 
Copper sulfate (chem.) 
hydrated crystal and anhy- 
drous 3-90; illus. 3-91 
Coraciiformes (ornith.) 4-408 
Coracoid process (anat.) 
5-182 
Coral (zool.) 2-219, 221; 3-379; 
4-203; illus. 2-15, 221, 
264, 265; 3-397; 4-200 
beach sands 2-207 
bioluminescence, illus. 
3-433 
climates, analysis of 2-287 
fossils 4-481 
Coral fungus (bot.) 4-51; illus. 
4-50 
Coral reef 2-267, 16, 214, 219, 
262; illus. 2-220 
Coral snake (zool.) 4-355, 356 
Cordillera (mt. range) 2-75 
Core of the earth 1-100; 2-6, 
56 fol.; illus. 2-23 
Coring operation (oceanog.) 
2-275 
Coriolis force (phys.) 
wind 2-114 
wind-driven ocean currents 
2-253 
Cork (bot.) 
cell, illus. 3-380 
sections examined under 
microscope, illus. 3-384 
Cork cambium (bot.) 4-76, 90, 
95 


Cork tissue see Phellogen 
Corm (bot.) 4-94 
Cormorant (bird) 4-426 


Corn (bot.) 
nutrients, flow through 
plant, illus. 4-72 


seed, illus, 4-66 
stem, illus. 4-98 
Cornea (anat.) 5-275 
transplant 5-468 
Corn plant see Dracaena 
Corn poppy (bot.), illus. 4-10 
Corn smut (bot.) 4-50 
Corn snake (Zool.), illus. 4-353 
Corona (astron.) 1-63, 66, 67, 
70, 180; illus. 1-65, 67, 
68, 76 
Corona Borealis (constellation) 
Coronagraph (instru.) 1-49, 67, 
71; illus. 1-69 
Coronary artery (anat.) 5-209 
Coronary disease (med.) 5-216 
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Coronary embolism (med.) 
5-217 
Coronary thrombosis (med.) 
5-217 
Corpuscular theory of light 
(phys.) 3-248, 337 
Correlation (statistics) 3-414; 
illus. 6-407 
psychological research, 
use in 5—407 
Corrosion (chem.) 3-152 
Corrugated fiberglass 
6-26 
Corrugated steel 6-26 
Cortex (bot.) 4-94 
root 4-90 
Corti, Organ of see Organ of 
Corti 
Cortisone (hormone) 
allergies controlled by 
5-450 
Corvidae (ornith.) 4—444 
Corvus (constellation) 1-33 
Cosigüina (Consegijina), volc., 
Nicaragua 2-69 
Cosine (trig.) 1-387 fol. 
Cosmetic surgery 
laser applications 6-340 
COSMIC RAY 1-223-29 
atmosphere 2-109, 111 
relativity theory applied to 
study of 3-354 
space flights’ effects on as- 
tronauts 1-275 
Cosmic-ray shower 1-226 
Cosmic year (astron.) 1-184 
Cosmological hypothesis of 
quasar distance 
(astron.) 1-239 
Cosmological Principle 
(astron.) 1-15 
Cosmology (study of origin and 
evolution of universe) 
1-13 
radio cosmology 1-64 
relativity theory 3-360 
See also Universe, Origin of 
the 
Cosmonauts 
manned space flights, list 
1-277 
Cosmos (spacecraft) 1-267 
Cosmotron (phys.) 6-364: illus. 
6-357 


Cotangent (trig.) 1-387 fol. 

Cotinga (bird) 4-429 

Cotopaxi, volc., Ecuador 2-66, 
69 


Cotton 
magnification of fiber, illus. 
6-324 
Cotton-boll weevil (insect) 
4-286; illus. 4-287 
Cottonmouth (snake) 4-456 


Cottontail rab zool.) 5-35; 
illus. 5-35 
Cottonwood (trae) 4-170 
Cottrell, Frederick Gardner 
(Amer 1.) 3-117 
Cotyledon (b 1—64, 68, 116, 
126 
Cotylosaur (e »ptile) 
ancestor ammal 5-3 
Coudé focus ics) 1-48 
Cougar see P 
Coulomb (£ 232 
Coulomb, ‘es Augustin de 
(Fr. pr 232 
Coulomb attraction see Elec- 
trostatic action 
Courant, E. phys.) 6-364 
Courtship of animals 4-455, 
457; ill 453 
birds 4 
grouse 4 
salamand 1-334 
snakes 4 351 
Covalence (c! 3-57, 78, 85 
3-87 
i cactus (bot.), 
illus. 4—1 
Cow insect (entom.) 4-269 
Cow-nosed ray (fish) 4-326 
Cowpox (med 
immunization against small 
pox 5-4 
Cow shark (fis! 471 
Cowslip (bot.), iius. 4-105 
Coyote (zool.) 5-72; illus. 5-73 


Coypu (zool.) 5-42 


CPU (computer nce) see 
Central pro ing unit 
CRAB (zool.) 4- ~38; illus. 
4-177 
horseshoe (king), illus. 
3-473 


migration 4—473 
seashore 2—209 
Crab Nebula (astron.) 1-64, 
177, 190; illus. 1-177, 
212, 230, 231 
nova 1-195 
pulsar 1-233 fol 
radiation 1-229 
Crab spider (zool.), illus. 4-244 
Cracking (chem.) 3-135 f 
petroleum refining 2-317: 
6-263 
Crane (bird) 4-418; illus. 4-419 
Cranial flexure (anat.) 3-467; 
5-156 
Cranial nerve (anat.) 5-271 
Cranium (anat.) 5-176 7 
development in baby 5-35 
Crankcase (mech.) 3 
X-ray photograph of air- 
plane crankcase studs, 
illus. 6-346 


Cranks \eft (auto.), illus. 6-65 
Crate ol.), illus. 1-162, 163 
N 1-121 
m“ orites 1-163 
r ı 1-107, 112, 113, 301, 
315; illus. 1-114, 301 
ve 10 2-61 fol.; illus. 


7,73 
Crate <e, Oreg. 2-63; illus. 
55 
Cray! ool.) 4-234, 232 
Creo paleon.) 5-98 
Cresc © sleep pattern 
siol.) 5-400 
Crest: wt (zool.) 4-331 


Crest geon (bird) 4-398 
Creta s period (geol.) 
33, 


fo: 4-485 
m als 5-5 
sr 4-346 
Crick, cis H. C. (Brit. bio- 
) 3-498 
Cricke ect) 
m epositing sac of 
n, illus. 4-263 
Crino l.) 
fe 4-480 
Se >s and feather stars 
Crinoi mestone (geol.) 
Crippe Sbert J. (Amer. 
) 1-279 
Cristo! 2 (min.) 
m 1-310 
Critica! ie (optics) 3-287 
Critice ss (phys.) 2-361 
Critica nperature (phys.) 


illus. 3-17 
E (reptile) 4-361-65 
in (reptile) 4-361 
t), illus. 4-110 
non man, illus. 3-474 
Sir William (Brit. 
chem., phys.) 6-342 
Crookes tube (phys.) 6-342; 
3-251 
Crops see Agriculture 
Crossbar system (tel.) 6-171 
Cross-bedding (geol.) 2-286; 
illus. 2-287 
Crossbreeding (zool.) 3-466 
Crossopterygian (fish) 4-328, 
482 


Cross-pollination (bot.) 4-108 
Crotan (bot,), illus. 4-155, 

160 
Crow (bird) 4-444 
Crowbar (lever) 3-155 
Crushing (metal.) 6-30; illus. 


6-30 
Crushing rolls (mach.) 6-30; 
illus, 6-30 


Crustacean (zool.) 4-231 
bioluminescence 3-435; 


illus. 3-437 

Parasitic 3—472; illus. 
3-473 

CRUST OF THE EARTH 

2-10-18, 5; 1-100; illus. 
2-21, 23 

earthquakes 2-28 

elements 3-3 


oceanic crust 2-271, 272 
plate tectonics 2-19 
Crust of the moon 1-313 
Crux (constellation) 1-35 
Cryobiological research 6-332 
CRYOGENICS 6-328-32 
Cryolite (min.) 
aluminum metallurgy 
3-148, 149; 6-39 
Cryotron (electron.) 6-331; 
illus, 3-370 
Cryptodira (zoo!.) 4-359 
Cryptomona (biol.) 4-192 
CRYSTAL 3-118-23, 18 
effect on electromagnetic 
waves and electrons, 
illus. 3-338 
electron diffraction by 
3-339 
examined under micro- 
scope 6-324 
formation from saturated 
solution 3-101 
interstellar space 1-204 
liquid 6-296 
minerals 1-380; 2—42 
piezoelectric effect 6-287 
quartz, illus. 3-216 
silicon 2-379 
snow 2-165; illus. 2-164 
sodium chloride, illus. 
3-145 
structure 2—42; 3-25, 217 
tin 3-79 
X-ray crystallography 
6-347 
Crystal diffraction, Law of 
(phys.) 6-344 
Crystal lattice see Lattice, 
Crystal 
Crystallography see Crystal 
Crystal radio 6-182; i//us. 
6-182 
CTC (railroad) see Centralized 
traffic control 
Ctenophora see Comb jelly 
CTS see Communications 
Technology Satellite 
Cuban racer snake (zool.), 
illus. 4-353 
Cuban tree frog (zool.), illus. 
4-327 
Cube (geom.) 1-381; illus. 
1-332, 381 


Cube root (math.) 1-348 
Cuberow see Abyssinian wolf 
Cubical expansion, Coefficient 
of 3-205 
Cubic measure (volume) 
metric system 6-392 
United States 6-392 
CUCKOO (bird) 4—402-04 
robin feeding cuckoo 
young, illus. 4-374 
Cuckoo-shrike (bird) 4-430 
Cuculiformes (ornith.) 4-402 
Cugnot, Nicolas-Joseph (Fr. 
mil. eng.) 6-71 
Culture of microorganisms 
(biol.) 6-323 
Cumulative genes 5-342 
Cumulo-nimbus cloud, illus. 
2-150, 153, 155 
Cumulus cloud 2-118, 155; 
illus. 2-153 
Cuneiform, illus. 1-340 
Cunninghan, R. Walter (Amer. 
astro.) 1-278 
Cup anemometer (instru.) 
2-118; illus. 2-117 
Cupel (metal.) 6-35 
Cup fungus (bot.) 4-49 
Curie (meas.) 3-326 
Curie, Jacques (Fr. phys.) 
piezoelectric effect 6-287 
Curie, Marie (Fr. phys.) 2-360 
Curie, Pierre (Fr. phys.) 2-360 
piezoelectric effect 6-287 
Curie point (phys.) 3-240 
Curing of plastics 6-274 
Curium (elem.) 3-38 
Current, Electric see Electric 
current 
Current, Ocean see Ocean cur- 
rent 
Current electricity 3-220, 226 
fol. 
Current meter (oceanog.) 
2-250; illus. 2-251 
Curtis, Heber D. (Amer. astron.) 
1-213, 216 
Curve (geom.) 1-377; graph 
1-396 
Curvilinear motion 3-172, 176 
Cuscus (zool.), illus. 5-23 
Cusimanse 5-94 
Cuspid (canine tooth) 3-476; 
5-245; illus. 5-245 
Cut (printing) 6-233 
Cuticle (biol.) 
animal cell 3-386 
hair 5-173 
leaf 4-100 
nails 5-174 
Cuttlebone (zool.) 4-219 
Cuttlefish (zool.) 4-219; illus. 
4-181, 218 
Cutworm (entom.) 4-291 
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Cuyahoga River, Ohio 
pollution 2-456 
Cyana (submersible craft), illus. 
2-276 
Cyanea (zool.) 4-198 
Cyanide process (metal.) 
gold recovery 6-34 
Cyanocobalamine see Vitamin 


B, 
Cyanogen (chem.) 
comet 1-151 


Cyanophycota (algae) 4-8, 141 
blue-green algae 4-32 
Cyanosis (med.) 5-216 
CYBERNETICS 6-366-77; 
3-450 
Cyborg (CYBernetic ORGan- 
ism) 3-450 
Cycad (tree) 4-65, 168 
fossils 4-482, 484 
Cyclamen (bot.), illus. 4-159 
Cycle (elec.) 2-385 
Cyclone (meterol.) 2-116, 135, 
136; illus. 2-134, 147 
Cycloparaffin (chem.) 3-135 
Cyclopropane (chem.) 3-135 
Cyclops, Project 1-325 
Cyclosis (biol.) 3-393 
Cyclotron (phys.) 6-360; illus. 
6-360, 361 
Crab Nebula 1-229 
experiments to test the par- 
ity law for mesons 3-346 
Cygnus (constellation) 1-34: 
illus. 1-2 
Cygnus A (radio star) 1-62, 64 
Cygnus X-1 (astron.) 1-178, 
244, 245; illus. 1-243 
Cylinder (auto.) 6-76 fol.; illus. 
3-65; 6-76 
Cylinder (geom.) 1-381; illus. 
1-332, 382, 383 
Cylinder press (printing) 
6-235; illus. 6-235 
Cynodictis (paleon.) 5-69 
Cypress tree (bot.) 4-139, 168; 
illus. 2-480 
Cypridina (zo0l.) 3-435 
Cytology see Cell 
Cytoplasm (biol.) 3-386 fol., 
382, 419; 5-158 
human cloning 3-511, 512 
plant cells 4—2 
Cytosine (biochem.) 3-497 fol. 
Cytoxic agent (biochem.) 
rheumatoid arthritis treat- 
ment 5-459 


D 


Dacron (synthetic fiber) 6-280 
Daddy longlegs see Harvest- 
man 
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Dahana, desert area of Arabia 
2-93 
Dahl, O. (Amer. phys.) 6-358 
Daimler, Gottlieb (Ger. inv.) 
6-63, 71 
Daisy wheel printer 6-150 
Dakota Sioux (Amer. Indians) 
calendar, illus. 1-173 
Dall porpoise (zool.) 5-66 
Dalton, John (Eng. chem. and 
phys.) 3-311 
atom 2-358; 3-46 
Daly, Reginald A. (Amer. geol.) 
2-268 
Dam (eng.) 2-435; illus. 2-439 
conservation 2—407 
electricity, generation of 
2-391 
hydroelectric power 
2-390 
Dam, Henrik (Dan. biochem.) 
5-376 
Dampier, William (Eng. bucca- 
neer and navig.) 2-224 
Damsel fly (insect) 4-262 
Dana, James Dwight (Amer. 
geol.) 
mountain formation, theory 
of 2-80 
Dancing of bees 4-272: illus. 
4-273 
Dandelion (bot.) 3-481; illus. 
4-121 
electron micrograph of pol- 
len grain, illus. 6-313 
taproot system, illus. 4-93 
Dandruff (med.) 5-174 
Darkfield illumination (optics) 
6-318 
Dark-field microscope (instru.) 
6-307; illus. 3-110 
Darkling beetle (insect) 4-283 
Dark nebula (astron.) 1-210, 
208; illus. 1-208 
Darner (insect), illus. 4-264 
DARWIN, CHARLES (Eng. nat.) 
3—455-57; 4-243 
atoll and reef formation, 
theory of 2-267, 268 
mountain formation, theory 
of 2-79 
Darwin, Austr. 
cyclone, illus. 2-134 
Darwin's finch 3-470: illus. 
3-472 
Darwin's rhea (bird) 4-380; 
illus. 4-380 
Data, Collection of 
experimentation 3-411 
Database 6-150, 154 
DATA PROCESSING 1-453-61 
computer 1-464, 469 
Data processing chip see 
Microprocessor 


Date palm (tr 91; 4-169; 
illus. 4 
Dating method (seo!) 
earth 1—1( )1 
geology 2 
mountains 5 
plate tec 2-25 
radiocart iting 6-350 
David Dunlap ervatory, 
Ont., ¢ 44, 50, 53 
da Vinci, Leo see Leo- 
ci 
i J. (Amer. 
phys.) illus. 3-331 
Davy, Sir Hur y (Eng 
chem.) 
safety la 329 
Day (time pe 23, 24 
biologics ms and 
clocks 440 
DDT (insectic 166, 413, 
408 
Dead-leaf bu insect) 
3-480 
Dead sand d 429; illus. 
2-431 
Deafness 3-: 
Death 5-358 
Death adder ( ) 4-356 
Deathwatch be insect) 
4-282 
DeBakey, Dr. N ze (Amer. 
surg.) 5 
De Broglie wa hys.) 3-338 
Debugging (computer pro- 
grammin 480 . 
Decay, Radioactive see Radio- 
active dec 
Deceleration (phys ) 3-173, 
174, 178 
Decibel (meas.) 3 273 
scale, illus. 3— 


Decidua (embryol.) 5-319 

Deciduous tooth (Milk tooth) 
(anat.) 5-244, 350; illus. 
5-245, 246 

Deciduous tree (bot.) 4-65, 163 

fossils 4-485 

Decimal system (math.) 1-342, 
446, 451 

Declination (astron.) 1-20 

Declination of the compass 
3-243; chart 3-244; illus. 
3-242 

Decomposer (biol.) 3-487 

Decompression sickness see 
Bends 

Deep, Oceanic 2—265 

Deep Bay Crater, Sask., Can., 
illus, 1-163 

DEEP-SEA EXPLORATION 
2-269-78, 260 fol. j 

Deep-Star 4000 (submersible 
craft), illus. 2-273 


DEER FAMILY (zool.) 5-116-23 
Defense 
huma jy's defenses 
5-2 
Defense m 
3-479, 480 
anima! behavior 4-457 
insect 57 
lizards 40 
mamır 5-11 
Definite pr rtions, Law of 
(chem) 3-3 
De Forest Amer. inv.) 
triode § -140 
Deforestatio! 
effect nfall 2-159 
erosic 2 
Degeneration ibiol.) 
plant mal parasites 
3-4 
Degradati« 
Dehiscent 
117 
Deimos (a 1-122; illus. 
1-84 
De Kay's s 
354 
Delambre 
astrc 
Uranus 
Delirium treme 
5-4: 
Delphinus ( tlation) 1-34 
Delta (geo 6, 210, 211, 
423 2-422; 4-138 
colloida nomena 
3-11 
Delta-Aquarid 
1-16¢ 
Delta Cephe 
Delta plain (geo!.) 2-87, 423 
Deltoid muscte (anat.) 5-192; 
illus. 5-196 
Democritus (Gr. philos.) 3-46 
atomic theory 2-358; 
3-310 
Demospongiae (zool.) 4-200 
Dendrite (anat.) 5-261 ; illus. 
5-262 
Dendrochronology (sci.) 6-353 
Deneb (star) 1-34, 183, 186 
Denebola (star) 1-33 
Denison (hydrofoil) 6-134 
Denominator (math ) 1-349 
Density (phys.) 3-183 fol. 
earth's interior 2-56 
Minerals 2—45 
Ocean water 2-230 
Dental arch (anat.) 5-246 
Dental Caries (disease) 5-246; 
illus. 5-247 
Dental drill 5-252 
entifrice (tooth-cleaner) 
5-249 


nanism (zool.) 


>|.) 2-7 
ot.) 4-115, 


2001.) 4-350, 


Baptiste (Fr. 


s (psych.) 


eteor shower) 


ar) 1-198 


Dentine (anat.) 5-244; illus. 
5-244 
Dentistry 5-244 
ultrasonic devices 
6-291 
Denudation (geo!.) 2-84 
Denver, Colo. 
air pollution 2—462; illus. 
2-121 
Deoxyribonucleic acid see DNA 
Depleted species (biol.) 2-489 
Deposit, Natural 
ocean bottom 2-228 
rivers 2-183 
stream deposits 2—422 
Deposition terrace of stream 
2-422 
Depressant (drug) 5-432, 435 
alcohol 5-426 
Depth of field (phot.) 6-245 
Depth of focus (optics) 6-304 
Depth of the sea 
deep-sea exploration 
2-270 
Dermestidae (entom.) 4-281 
Dermis (anat.) 5-170 
Dermoptera (zool.) 5-13 
Derrick (oil-well tower) 2-312; 
illus. 2-304 
Desalinization see Desalting of 
saline water 
Desalting of saline water 
2-372, 447; illus. 2-371 
nuclear power 2-369 
Descartes, Rene (Fr. philos., 
math.) 1-353, 392 
Descending colon (anat.) 
5-238 
Descriptive statistics (math.) 
1-406 
DESERT (geol.) 2-86-93 
climate 2-286, 289 
dust storms 2-431 
reclaimed desert, Israel, 
illus. 2-412 
sand dunes 2-428 
weather 2-115 
winds 2-426 
Desert animals 
snakes 4-348 
Desert plants 
adaptations 3-478 
Desman (zool.) 5-29 
Desmid (bot.) 4-38 
Destaticizer (plastics indus.) 
6-277 
Destroying angel (bot.) 4-53 
Destructive interference 
(acoustics) 3-268 
Destructive interference (op- 
tics) 3-301 
Detachable tail 
lizards 4-341; illus. 4-341 
Detector circuit (radio) 6-184 


Detergent 
colloidal phenomena 
3-116 
effects in water, illus. 3—24 
water pollution 2-458 
Deuterium (hydrogen isotope) 
2-372 fol; 3-59, 91; illus. 


2-359 
thermonuclear reaction 
fuel 3-362 
Deuterium oxide see Heavy 
water 
Deuteromycetes see Imperfect 
fungus 
Developing (phot.) 6-249, 251; 
illus. 6-250 
Polaroid process, illus. 
6-242 


Devilfish (zool.) 4-218 
Devil ray (fish) 4-326 
Devil's Tower National Monu- 
ment, Wyo. 2-417; illus. 
2-10 
Devitrification of glass 3-19 
Devonian period (geol.) 2-281 
fossils 4-481 
Devon River, Scot. 2-184 
Dew (meteorol.) 2-152; 3-16 
Dewar, Sir James (Brit. sci.) 
6-328 
Dewar vessel see Thermos bot- 
tle 
Dew point (meteorol.) 2-145, 
165 
Dhole (zool.) 5-74 
Diabetes (med.) 
recombinant DNA insulin 
3-506 
Diagnosis (med.) 
radioisotopes 3-327 
Dial-a-Bus system (transit) 
6-97; illus. 6-98 
Diallyl phthalate (plastic) 6-278 
Dial-operated telephone 6-171 
Dialysis (chem.) 3-112 
Dialyzer (artificial kidney) 
5-469 
Diamagnetic substance (phys.) 
3-240; 6-330 
field of force, illus. 3-239 
Diameter of a circle (geom.) 
1-374 
Diamond (precious stone) 
3-26, 119; illus. 2-16; 
3-19, 27, 118, 119 
conversion to metallic 
structure 3-80 
electron structure 3-78; 
illus. 3-80 
hardness 2-48; 3-80 
transformation from graph- 
ite 3-217 
Diamondback rattlesnake 
(zool.), illus. 4-351 
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426 


Diamond python (snake) 
4-352 
Diaphragm (anat.) 5-180, 181, 
192 
Diarrhea (med.) 5-240 
Diastole (physiol.) 5-208 
Diastolic pressure (physiol.) 
5-214 
Diastrophism (geol.) 2-7 
Diatom (bot.) 4-41; 3-379; 
illus. 3-379; 4-33; 6-308, 
309, 315 
Diatomaceous earth (min.) 
4-41 
Diatom ooze (marine deposit) 
2-228; illus. 2-228 
distribution in ocean, map 
2-229 
Diatonic scale (mus.) 3-275; 
table 3-274 
Dicotyledon (bot.) 4-96; illus. 
4-66, 69 
Didinium (zool.) 4-197 
Dieffenbachia (bot.) 4-155; 
illus. 4-155, 160 
Dielectric (elec.) 3-224 
water 3-88 
Dielectric heating 2-396 
Diesel-electric locomotive 
6-89; illus. 6-88 
Diesel engine (mech.) 6-66; 
illus. 2-387 
electricity, generation of 
2-389 
Diesel fuel 2-317 
Diet 
dental health 5-249 
fish 4-312 
lizard 4-341 
older persons 5-362 
owls 4-389 
proteins and fiber 5-384 
sharks 4-319 
Dietary fiber see Fiber, Dietary 
Differential (auto.) 6-83; illus. 
Differential calculus (math.) 
1-333, 436 
Differential equation (math.) 
1-437 


Differential interference con- 
trast (optics), illus. 6-309 

Differential psychology 5-415 

Differential thermometer 
3-200 

Differential white-cell count 
5-202 

Difflugia (biol.) 4-195 

Diffraction (optics) 3-302, 282, 
300; illus. 3-291 

Diffraction, Electron see Elec- 
tron diffraction 

Diffraction grating 3-298; 
6-343, 344 
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Diffraction-grating spectro- 
scope (instru.) 3-302 
Diffuse reflection (optics) 
3-283 
Diffusion (phys) 3-24, 104, 107 
cells 3-390 
Digestion (physiol.) 
animal 4-179 
bacteria’s role in 4-28 
enzymes 3-74 
human 5-229, 152 
plant 4-74 
sharks 4-319 
See also Digestive system; 
Digestive system, Human 
Digestive system (physiol.) 
3-381 
bird 4-372 
insect 4-254 
mammals 5-9, 10 
See also Digestion; Diges- 
tive system, Human 
DIGESTIVE SYSTEM, HUMAN 
5-229-43; 161; illus. 
5-165 
embryo, development in 
5-322 
Digital computer 1-463 
microprocessor 6-146 
See also Computer 
Digitalis (drug) 5-216 
Digital pH meter, i//us. 3-95 
Digital recording 6-216 
Dihedral angle (geom.) 1-380: 
illus. 1-380 
Dihydrostreptomycin (anti- 
biotic) 5-482 
Dik-dik (zool.) 5-131 
Dike (eng.) 
irrigation, illus. 2-408 
Dike (geol.) 2-12: illus. 2-11 
Dilatancy (geophys.) 2-36 
Dimazine see Unsymmetrical 
dimethyl hydrazine 
Dimensional analysis (math.) 
1-337 
Dimetrodon (paleon.), illus. 
4-489 


Dimorphism (biol.) 
butterflies and moths 
4-289, 292 
Dingo (zool.) 5-73 
Dinoflagellate (biol.) 4-192; 
illus. 4-191, 192 
Dinosaur (paleon.) 4-484 fol.; 
illus. 4-486, 487 
eggs, illus. 4-488 
fossils 4-477 
Dinotherium (paleon.) 5-111 
Diode (electron.) 6-140 
Dioecious plant (bot.) 4-106 
Diophantus (Gr. math.) 1-353 
Diorite (rock) 2-14, 50 
Dioxin 2-458 


Diphtheria (( 2) 3-503 
Diplexer (ele 6-209 
Diplodocus ir ) 4-485 
Dipole anten dio) 6-179; 
illus. t 
Dipping nee stru.), illus. 
3-243 
Diprodontia 5-13 
Direct-acce em (data 
proces —460 
disk stor 471 
Direct currer ) 3-230 
electroct reactions 
3-145 
generate 3-230 
Dirigible (ae 101 
Disaccharide ) 3-385 
Disc brake (£ -85 
Discharge (f ì stream) 
2-418 
Discourse on id, treatise 
(Desc 392 
Disease (me 
allergie 
arthritis £ 
cancer § 
dietary fit e in pre- 
ventior 7 
influenza 
stress an se 5-418 
viruses 3- 
Disgust (emo 306 
Disk (anat.) 5- 9 
Disk camera 6 
Disk drive 6-1 
Disperse mediu hem.) 
3-108 
Dispersion of re tion 
(optics) 6 4 
Displacement law |phys.) 
3-250 ; 
Dissecting microscope (instru.) 
6-304 


Dissonance (mus.) 3-274 
Distillation (chem 
petroleum 2-316 
water desalting 2-447 
Distribution system (elec.) 
2-394 
Distributive law of multiplica- 
tion (algebra) 1-354 
Disturbance (geo!.) 4-478 
Diurnal animals and plants 
3-438 
Diurnal inequalities (tides) 
2-244 
Diurnal tides 2-244 
Diverging lens (optics) 6-301 
Diverging meniscus lens (0p- 
tics), illus. 6-301 
Divide see Watershed 
Diving beetle (insect) 4-279 
attacking tadpole, illus. 
4-279 


Diving petre 21rd) 4-425 
Division (m+) ) 1-348 
binary © urerals 1-450 
fractions 1-349 
logarit!: «s 1-360 
D layer (a! here) 2-111 
DMT (drug 3 
DNA (bioc 3496-503 
385 +59; illus. 
3-3 504 
mitoc! 13-388 
plant « 77 
recor DNA 3-504 
virus ¢ 399, 401 
Dobrovols: »orgi T. (Sov. 
cos! t) 1-278 
Docotyled ot) (bot.) 4-68 
Dodder (b! 72 
Dodo (bird 
DOG FAM!! |.) 5-69-76; 
illus 
breed! 64, 468 
classif system 
3-5 3-516 
evoluti 88 
skull, / 178 
Dog fenne! 3-480 
Dogfish 4- JS. 4-318 
Dog Star sı us 
Dog tick (x us. 4-249 
Dogwood | 175; illus. 
4-10. 
bark, / 164 
Doisy, Edw Amer. 
bioch 5-377 
Doldrums i% velt) 2-130 
Dolly Sods ` rness, W.Va. 
2-47 
DOLPHIN ( 5-61-66 
bionic 3-451 
limits or ng 2-411 
Dome (moc ature) 1-307 
Dome car (t ) 6-89 
Domestication of animals 
dog 5-70 
Dominance (genetics) 5-340; 
illus. 5-339 
Dominance hierarchy (zool.) 
3-392 
Dominant gene (genetics) 
5-339 fol 


Dominion Astrophysical Ob- 
servatory, B.C., Can. 
1-44, 53 

Donora, Pa. 

air pollution 2-462 
Donor cell (cloning) 3-509, 511 
onor organs for transplant 
(med.) 5-463 

Doppler, Christian (Aus. phys., 
math.) 3-269 

Doppler effect (phys.) 1-14 

galaxies 1-220 
radar 6-194 


Doppler effect (cont.) 
sound 3-269; illus. 3-267 
space guidance 1-260 
sun's spectrum 1-73 
variable stars 1-194 
Dormant period (bot.) seed 
4-127 
Dormouse (zool.) 5-41 
Dorsal root ganglion (anat.) 
5-322 
Dot matrix printer 6-150 
Double helix (DNA chains) 
3-498; illus. 3-498, 504 
Double star (astron.) 1-9, 185, 
188; 2-4 
Doughnut (phys.) 6-363 
Douglas fir (tree) 4-166, 168; 
illus. 4-167 
seedlings, illus. 6-19 
Dove (bird) 4-397 
Dover, Eng. 
chalk cliffs 2-212 
Down quark (phys.) 3-321 
Downy mildew (bot.) 4-46 
Dracaena (bot.) 4-154; illus. 
4-155, 157, 161 
Draco (constellation) 1-27 
Drag (aero.) 6-128 
Dragonfly (insect) 4-262; illus. 
4-264 
fossils 4-482 
Drainage basin (area drained 
by river) 2-189, 418 
Drake (duck) 4-422 
Drake, Sir Francis (Eng. expl.) 
5-439 
Drake, Frank (Amer. sci.) 1-325 
Draper, John William (Amer. 
sci.) 1-297 
Drawing (metal.) 
steel 6-55 
Dream stage of sleep 5-399 
Dredging 
deep-sea exploration 2-275 
Dreyer, John L. E. (Ir. astron.) 
New General Catalogue 
1-217 
Drift-bottle method (ocean cur- 
rent studies) 2-251, 252 
Drift mine 2-324, 328 
Drilling 
deep-sea exploration 
2-278 
geothermal energy re- 
sources 2-357 
natural gas 2-339 
North Sea oilfield, ilus. 


2-292 

oceanographic studies, 
illus. 2-272 

oil wells 2-312; illus. 2-312 
fol. 

water wells 2-436; illus. 
2-176 


Drinker-Collins respirator see 
Iron lung 
Dripstone (cave formation) 
2-99 
Drive (psych.) 5-302 
Driven well 2—437 
Driver ant (insect) 4-271 
Drogue (parachute) 1-276 
Dromedary (zool.) 5-114; illus. 
5-115 
Drone (bee) 4—272; illus. 4-271 
Drosophila melanogaster (en- 
tom.) 4-264 
Drossing kettle (metal.) 6-36 
Drought (meteorol.) 2-160 
Drowning 
tip tides, danger of 2-204 
Drug (med.) 6-270 
allergic reactions 5-447 
antibiotics 5-480 
drug abuse 5-431 
emotions and drugs 5-303 
DRUG ABUSE 5-431-37 
alcohol 5-425 
tobacco smoking 5-438 
Drugstore beetle (insect) 
4-283 
Drum (mus. instru.) 3-279 
steel drum, illus. 3-278 
Drum brake (auto.) 6-85 
Drumlin (geol.) 2-211, 200; 
illus. 2-208 
Drupe (bot.) 4-114 
Dry assay (min.) 6-35 
Dry cell (elec.) 2-384; 3-150, 
228; illus. 3-150, 228 
Dry ice 
cloud seeding 2-125 
sublimation 3-19 
Dry measure 6-393 
Dual-propulsion VTOL aircraft 
6-107 
Dubois, Raphael (Fr. physiol.) 
3-434 
Dubos, René (Amer, bact.) 
5-481 
Duck 4—421; illus. 4-416, 422 
Duck-billed platypus see Platy- 
pus, Duck-billed 
Duckweed (bot.) 4-138 
Ducted-fan VTOL aircraft 
6-108 
Ductility (metal.) 3-28, 79 
Ductus epididymis (anat.) 
5-318; illus. 5-317 
Du Fay, Charles (Fr. sci.) 3-226 
Dugong (zool.) 5-67, 68 
Duiker (zool.) 5-131 
Duke, Charles M., Jr. (Amer. 
astro.) 1-278, 283 
Dumbbell nebula in Vulpecula 
(astron.), illus. 1-210 
Dumont, Allen (Amer. sci.) 
6-203 
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428 


Dump (computer printout) 
1-466 
Dune, Sand see Sand dune 
Dung beetle (insect) 4-284; 
illus. 4-281 
Duodecimal system 1-345 
Duodenal ulcer (med.) 5-243 
Duodenum (anat.) 5-235; illus. 
5-232 
Duplation (math.) 1-347 
Duplicating the cube (math.) 
1-367 
Dura mater (anat.) 5-271 
Duryea, Charles E. and J. 
Frank (Amer. inv.) 6-71 
Dusky wolf (zool.) 5-71 
Dust 
air pollution 2-467; illus. 
2-457 
atmospheric 2-109, 150, 
467 
spontaneous combustion 
3-65 
wind erosion 2-426 
Dust cloud 2-149 
Dust cloud theory (astron.) 2-5 
Dust storm 2-430, 431 
Mars 1-122; illus. 1-120 
Dutch elm disease (plant path.) 
4-48 
Dwarf antelope (zool.) 5-131 
Dwarfism (med.) 
recombinant DNA growth 
hormone 3-506 
Dye 6-270 
Dynamic loudspeaker (radio) 
6-185; illus. 6-186 
Dynamo (mach.) 
coal, use of 2-332 
Dynamo theory (geophys.) 
2-60 


Dynode (electron.) 6-161; illus, 
6-203 
television 6-204 
Dysentery (disease) 5-241 
Dysprosium (elem.) 3-38 
Dytiscidae (entom.) 4-279 


Eagle (bird) 4-386; illus. 2-490; 
4-388 
nesting, illus. 4-386 
Eagle owl (bird) 4-390 
Eagle ray (fish) 4-326 
EAR (anat.) 5-281-84; illus. 
5-288 
balance 5-289 
sound 3-256 
Eardrum (anat.) 3-265; 5-281; 
illus. 5-281 
Early Bird (spacecraft) 1-262, 
1 


INDEX 


EARTH (planet) 1-97-105, 83, 
86; 2-2-9; illus. 1-287; 
2-261 
atmosphere 1-318 
conservation 2-400 
Copernicus’ theory 1-81 
eclipse 1-142, 143 
elements present in crust 
3-3 
escape velocity 1-252 
gravitational force 3-164; 
illus. 3-165 
gravity 3-166 fol.; illus. 
3-168 
life, origin of 1-319 
magnetic field 3-241, 246, 
247 
orbit around the sun 1—22 
origin 2-2 
rotation 1-21 
satellites, artificial 1-265 
sphere, the earth as a 
1-384, 385 
structure 2-5 
sun's effect on earth 1-76 
view of earth from moon 
1-115 
See also Core of the earth; 
Crust of the earth; Inte- 
rior of the earth; Mantle 
of the earth 
Earth dam 2-435 
Earth pillar (geol.) 2-165 
EARTHQUAKE 2-28-37, 52 
list 2-32 
oceans 2-264 fol. 
plate tectonics 2-23, 27 
tidal waves 2-240, 246 
Earth Resources Technology 
Satellite 1-265 
Earth sciences 2-8 
Earthshine (astron.) 1-110, 111 
EARTHWORM (zool.) 
4-227-30; illus. 4-185 
respiration, illus. 5-222 
Earwig (insect) 4-261 
Easter cactus (bot.), illus. 
4-159 
Easter lily (bot.), illus. 4-110 
East Greenland Current (ocean 
Current) 2-258 
Ebb current (oceanog,) 2-246 
Ebbinghaus, Hermann (Ger. 
Psych.) 5-312, 412 
Ebb tide (oceanog.) 2-242 
EBCDIC see Extended Binary 
Coded Decimal Inter- 
change Code 
Ebony (tree) 4-174 
ECHINODERM (Zool.) 
4-204-08, 186; 3-471 
fossils 4-480 
Echinoidea (zool.) 4-207 
Echiura (zool.) 4-188 


Echo (communications satel- 
lite) 1-256, 269, 272; 
illus. i 
c 2m 1-260 
c 3; illus. 3-263 
Echogram, // 3-286 
Echolocation 
dolphin 5 
Echo soundi onic sound- 
ing) 2 60, 270; 
6-289 
ECLIPSE (ast 142-48; 
109, 1 illus. 1-71 
Eclipse feathering (ornith.) 
4-422 
Eclipsing vari star) 1-193 
Ecliptic (astr 20, 23 
Ecole des Po Chaussé 
es (Sche r Construc- 
tion of s and 
Highwa 12 
Ecological ni 3-494 
Ecological su on 3-495 
ECOLOGY 3 5; 2-452 
conservat 400 
Economic geo! 2—9 
Economo, Bar ənstantin 
von (Àu siol.) 5-397 
Ecosystem (£ ) 3-486 
fol.; 2-<¢ 
Ectoderm (em: 3-422; 
5-320; i 321 
Eczema (med 
air pollution 69 
Edentate (zoo!.) 3 
Edge-tone instruments (mus.) 
3-278 
Edison, Thomas A. (Amer. inv.) 
3-407; 6 
phonograph 6 


Edison battery 3-152 
Edmonton-Great Lakes pipe- 
line 2-315 
Educational computing 6-151 
Educational psychology 5-415 
Eel (fish) 3-478; 484; 4-309, 
470; illus. 4-471 
Efferent fiber (anat.) 5-262 
Efferent limb (anat.) 5-265 
Efficiency (phys.) 
solar battery 2-382 
Egg (biol. F 
Meal eggs 4-477, illus. 
4-488 
embryology 3-417 fol. 
floating egg experiment to 
illustrate buoyancy of 
water 3-186 
formation, chart 3-418 
human embryology 5-316 
fol. 
lizards hatching, illus. 
4-343 
monotremes 5-16 


Egg cell (biol.) 3-459; 5-316 
fol.; ilus. 5-318, 320, 321 
cloning 3-509 fol. 


Egg-eating snake (zool.) 


EGG-LAY!NG MAMMAL 
5-16-17 
Egg tooth 1.) 4-376 
Egret (bir (24; illus. 4-371, 
424 
Egypt, Anc 
alget 353 
calen 168 
engir g 6-2 
meta 6-27 
numé 1-339, 340 
plane vetry 1-366 
pyrar 383 
radio n dating of arti- 
fac 54 
scarab tle 4-284 
sea v of Egyptians 
2- 
tomb \ ng, illus. 1-4 
Egyptian | (zool.) 5-72 
Ehrlich, P ier. bact.) 
chem apy 6-270 
Eider duck j) 4-423 
Eidetic im y (psych.) 5-311 
Eiffel Tow aris, Fr. 6-24 
Eijkman, ¢ jaan (Du. phy.) 
k 
EINSTEIN BERT (Ger.- 
Ame ys.) 3-347—49, 
334 3; illus. 3-331 
mass Jy equation 
€ 3—8 
sion 6-159 
heory of 3-165, 
j emission 6-336 
juation (phys.) 
3-8 


Einsteinium (elem.) 3-38 
Einstein X-Ray Observatory 


1-175, 176, 178; illus. 
1-176 

Eisele, Donn F. (Amer. astro.) 
1-278 


Ekman current meter 
(oceanog.) 2-250 
Eland (zool.) 5-127; illus. 
5-127 
Elasticity (phys.) 
solids 3-26 
Elastic limit (phys.) 
Solids 3-26 
Elateridae (entom.) 4-281 
E layer (atmosphere) 2-112 
Electrical charge (phys.) 3-316 
Colloidal particles 3-110 
electricity, nature of 3-220 
ol. 
Subatomic particles 3-311 


Electrical circuit 3-234, 228 
Electrical conduction see Con- 
duction, Electrical; Con- 
ductor, Electrical 
Electrical engineering 6-6, 13 
Electrical industry 
chemical products, use of 
6-272 
Electrical resistance see Re- 
sistance, Electrical 
Electrical system 
aircraft 6-113 
automotive engine 6-75 
Electric battery see Battery, 
Electric 
Electric car, illus. 6-86 
Electric current 2-384; illus. 
2-385 
electrochemistry 3-143 
solar battery 2-381 
See also Current electric- 
ity; Electricity 
Electric doorbell 3-236 
Electric eel (zool.) 3-478 
Electric eye see Photoelectric 
cell 
Electric field (phys.) 
solar battery 2-381 
Electric generator see Genera- 
tor, Electric 
Electric heating 2-396 
ELECTRICITY 2—383-97; 
3-220-36 
amateur and CB radio 
6-187 
atmosphere 2-112 
bioelectricity 3-445 
bioluminescence of fish 
4-312 
coal as fuel for generation 
of 2-297, 332 
consumption 2-294 
electrical energy 3-7 
electrochemistry 3-143 
electronics 6-139 
generation 2-299, 300 
geothermal energy 2-354, 
355 
lightning 2-139 fol. 
nuclear energy 2-368 
photoelectric cell 6-158 
radar 6-193 
radio 6-174 
radioisotopes 3-329 
solar battery 2-382 
solar energy 2-347 
space stations 1-292 
superconductivity 3-367 
telegraph 6-163 
telephone 6-168 
television 6-200 
tidal energy 2-249 
torpedoes (electric fish) 
4-325 


Electric lighting 2-396 
Electric locomotive 6-88; illus. 
6-87 
Electric meter 3-233; 2-395; 
illus. 2-395 
Electric motor 2-397; illus. 
3-231 
Electric potential see Potential, 
Electric 
Electric power see Electricity 
Electric power plant 
thermal pollution 2-301 
Electric railway 6-93 
Electric ray (fish) see Torpedo- 
ray 
Electric shock instrument, 
illus, 5-214 
Electric train, i//us, 3-257 
Electric transformer see Trans- 
former, Electric 
Electric trolley 6-93 
Electric vehicle 6-98 
Electric wiring see Wiring, 
Electric 
Electrocardiograph (med. in- 
stru.) 3-449; 5-213 
Electrochemical analysis 
(chem.) 3-146 
Electrochemical (electromo- 
tive) series 3-83 
ELECTROCHEMISTRY 
3-143-52; 2-397 
Electrode (elec.) 3-145 fol., 228 
Electrodialysis 
desalting of water 2-447 
Electroencephalograph (med. 
instru.) 3-448; 5-422 
Electrojet (electrical air cur- 
rent) 2-112 
Electroluminescence (phys.) 
6-210 
Electrolysis (chem. phys.) 
2-397; 3-85, 144 fol. 
aluminum 6-39; illus. 
3-148; 6-39 
copper chloride, illus. 3-146 
copper metallurgy 6-38 
Faraday's laws 3-147 
magnesium production 
from sea water, i/lus. 
3-149 
zinc metallurgy 6-37 
Electrolyte (chem., phys.) 
3-100, 144, 228, 446 
Electromagnet 3-231, 240; 
illus. 3-241, 367, 371 
Electromagnetic field (phys.) 
3-230 
ELECTROMAGNETIC RADIA- 
TION (phys.) 3—248-55; 
1-58; 6-344 
light 3-281, 295 
outer space 1-324 
sun 1-74 
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Electromagnetism (phys.) 

3-230 

elementary particles 

3-319 
Electromechanical data pro- 

cessor 1-455 
Electrometallurgy 2-397 
Electromotive force 3-228 
Electromotive series see Elec- 

trochemical series 
Electromyograph 5-252, 

422 


Electron (phys.) 2-358 fol; 
3-47, 48, 51, 53, 311 fol., 
314 
atmosphere 2-112 
cosmic rays 1-226, 227 
diffraction 3-339 
electricity 3-221 fol, 
electrochemistry 3-143 
lightning 2-138 
light wave generation 
3-252 
quantum theory 3-336 fol. 
solar battery 2-379 fol. 
Superconductivity, BCS 
theory of 3-370 
Electron affinity 3-84 
Electron beam (phys.) 6-210 
Electron conversion pump 
6-339 
Electron diffraction (phys.) 
3-339 


Electron emission microscope 
(instru.) 6-314 
Electro gun (phys.) 6-210, 247 
Electronic circuit 
integrated circuits 6-151 
microprocessors 6-146 
Electronic desk 6-157 
Electronic mail 6-155 
Electronic musical instrument 
3-280 
Electronic oscillator 6-1 41, 
175 fol.; illus. 6-176 
ELECTRONICS 6-139-45; 
3-9 


amateur and CB radio 
6-187 

computers 1-463 

cryogenic applications 
6-331 


electrical engineering 6-7 

electricity 2-396, 397 

integrated circuits 6-147 

microprocessors 6-146 

radar 6-193 

radio 6-174 

television 6-200 

transistors 6-143 

video cassettes and video- 
discs 6-222 

Electron linear accelerator 

(phys.) 6-359 


INDEX 


Electron microscope (instru.) 
illus. 3-28; 6-312; illus. 
6-312 
micrographs, illus. 6-310, 
313 fol. 
Electron shell see Shell, 
Atomic 
Electron synchrotron (phys.) 
6-363 
Electron transmission micro- 
scope (instru.) 6-312 
Electron tube 6-140 fol.; 2-397 
Electron volt (meas.) 1-227: 
3-83 
Electrophoresis (phys.) 3-111 
Electroplating (chem.) 2-397; 
3-147 
electrotype 6-234 
Electroscope (instru.) 3-223; 
illus. 3-223 
cosmic rays 1-224 
Electrostatic attraction 3-56, 
445 
Electrostatic generator see 
Van de Graaff generator 
Electrostatic precipitator 
(mach.) 3-117; illus. 
3-117 
Electrostatic separation 
(metal.) 6-33 
Electrostriction (phys.) 
minerals 2-46 
Electrotype (printing) 6-234; 
illus. 6-234 
Electrotyping (electroplating 
Process) 3-147 
Electrovalence (chem.) 3-54, 
85 


ELEMENT 3-36-45, 2 
Boyle's theory 3-46 
chemical symbols 3-60 fol. 
Empedocles’ theory 3-46 
metals and nonmetals 3-76 
Periodic table 3-29, 341 
transuranium elements 
2-359 
Elementary Particle see Parti- 
cle, Elementa 
ELEPHANT (zool.) 5108-11 
ancestor 5-67 
fossils 4-489 
Elephantiasis (med.) 4-215 
Elephant's Head, Adirondack 
Mountains, N.Y., illus. 
2-419 
Elevated railroad 6-93 
Elevator (aero.) 6-117 
Elk (zool.) 
endangered species 2-485 
Irish elk 3-470 
migration 4-466 
Ellipse (geom.) 1-377, 102; 
illus. 1-100, 255, 397 
orbit of comet 1-153 


Ellipse (con: 
orbit of r and planets 
1-6,7 
orbits of vehicles 
1-255 
Elliptical ga! stron.) 
1-218 21 
interstei| ce 1-204 
Elm (tree) 4 us, 4-171 
bark, illu. 4 
fruit, illus 5 
leaf, illus 
Elsasser, Wali (Ger.- 
Amer 60 
Elster, Julius hys.) 
6-159 
Elution (chron aphy) 
3-125 
Elytra (entom 8 
Embolus (anat 5 
Embryo (bio! illus. 
5-148 
cloning 3 | 
human rep tion 
5-319 
mammal 3 67 
seed 4-11 3l., 131 
Embryobionta 4-54 
EMBRYOLOGY 725 
mammals § 
EMBRYOLOGY an 
5-316-3 
Embryonic shie! bryol.) 
5-319; i/i 321 
Emerald Lake, A Ilus. 2-71 
Emission lines (: i.) 
galaxies 1-2 
Emission spectrur 
incandescent cas, illus. 
3-300 
Emitter (electron) 6-143 
EMOTION (psych.) 5~299-308, 
413 
Emotional stability (psych.) 
5-294 


Empedocles (Gr. philos.) 3-46 
four elements, theory of 
2-358; 3-320 
Emperor penguin (zoo!.) 
4-382; illus. 4-382 
Emphysema (med.) 3-503 
Emu (bird) 4-381 
Emulsion 3-109 
high-frequency sound, 
effect of 6-289, 290 
Enamel (tooth) 5-244; illus. 
5-244 
Enceladus (astron.) 1-135 
Encephalitis (med.) 5-274 
Encke, Johann Franz (Ger. 
astron.) 1-133 
Encke’s comet 1-155 
Encke'’s division (astron.) 
1-133 


ENDANGERED SPECIES (biol.) 
65 


2-483 
cacti 4-153 
coyote 5 
panda 5 
wolves 5 
Endangered Species Preser- 
vation Act (U.S.) 2-495 
Endocrine system (anat.) 
5-161 5-168 
Endoderm (© yol.) 3-422; 
§-32( 5-321 
Endodermis (bot) 4-90 
Endolymph | ) 5-283 
Endoplasmic culum (biol.) 
3-368 illus. 5-158 
Endopterygota entom.) 4-263 
Endosperm ( 4-116, 126 
Energetic Particles satellite, 
illus. 2 
ENERGY 2 303; 3-5 
cells 3- 
conservation, law of 3-316, 
8 
consump vs relation to 
income 3ph 2-296 
electricit 383 
engines 6-57 
entropy 3-216 
geotherma! energy 2-354 
mass-en« equation 3-8, 
349, 35¢ 
metabolic rate 5-389; table 
5-390 
nuclear energy 2-358 
nuclear fusion 2-372; 
3-362 
plant met 
pulsars 1-3 
quantum 
quasars 1-23 
simple machines 3-154 
solar power 2-346 
sound waves 3-260 
Stars 1-186 


tidal energy 2-249 
waste, energy from inciner- 
ation of 2-376 
Energy level (phys.) 
electrons 3-51 
Energy Research and Devel- 
opment Administration 
(U.S.) 
geothermal energy 2-355 
ENGINE (mach.) 6-57-69 
airplane 6-117 
automobile 6-72 
jet propulsion 6-122 
rockets 1-249, 251; illus. 
Hates 
Solar powered 2-346 
ENGINEERING 6-2-13 
bionics 3-450 
ngineering geology 2-9 


Engineering psychology 5-416 
England 
radiocarbon dating of arti- 
facts 6-355 
Engle, Joe H. (Amer. astro) 
1-279 
English Channel 2-216 
English yew (tree) 4-166 
Eniwetok (atoll) 2-268 
Enlarger (phot.) 6-251 
Entamoeba histolytica (biol.) 
4-194; 5-241; illus. 
5-241 
Enterogastrone (biochem.) 
5-235 
Entisol (soil) 4-18 
Entomology see Insect 
Entoprocta (zool.) 4-186 
ENTROPY (phys.) 3-216-19 
Environment 

animal behavior 4-454 

animals’ place 4-181 

biological rhythms and 
clocks 3-438 

child's development, effect 
on 5-297, 354 

ecology 3-485 

evolution influenced by 
3-464 

geothermal energy plant 
2-357 

heredity and environment 
5-331, 345 

plant growth 4-78 

ENVIRONMENTAL POLLU- 
TION 2-450-66, 413 
dumping ground, illus. 
2-398 

endangered species 2-485, 
492 

energy systems 2-298, 300 
fol. 

See also Air pollution; 
Thermal pollution; Water 
pollution 

Enzyme (biochem.) 3-386, 390, 
500 fol. 

aging process, role in 
5-361 

catabolism and anabolism, 
illus, 3-427 

catalysis 3-66, 73 

fungi 4-44 

plant digestion 4-74 

protein 3-384, 428 

restriction enzymes 3-505 

virus 3-398 fol. 

Eocene epoch (geol.) 2-283 
butterflies and moths 
4-289 
Eohippus (paleon.) 3-470; 
4-488 
Eosinophil (blood cell) 5-201 
Ephemeral (bot.) 4-142 


Ephemeris (astron.) 1-155 
Epicenter (seismo!.) 2-30, 35 
Epidemic (med.) 
influenza 5-453 
Epidermis (anat.) 5-169 fol. 
Epidermis (bot.) 4-3, 94 
leaf 4-100 
root 4-90 
Epidinium (biol.) 4-197 
Epiglottis (anat.) 5-220; illus. 
5-229 
Epiphyses (anat.) 5-351 
Epiphyte (bot.) 4-136 
Epithelial cell (anat.), illus. 
3-383; 6-324 
vitamin A 5-369 
Epithelium (anat.) 5-159, 232 
Epoch (time division) 2-284 
Epoxy resin (plastic) 6-274, 
279 
Epsilon Lyrae (star) 1-34 
Epsomite (min.) 
caves 2-100 
Epsom salts (min.) 2-51 
Equal triangle (geom.) 1-372 
Equation (chem.) 3-63, 64 
Equation (math.) 
algebra 1-353, 357 
analytic geometry 1-394 
fol. 
differential equations 
1-437 


Equator (geog.) 1-19, 384, 385 


rain 2-115 
wind 2-126, 130 
Equatorial Countercurrent 
(ocean current) 2-258 
Equatorial orbit 1-256, 262; 
illus. 1-257 
Equilibrium (chem., phys.) 
3-66, 103 
entropy 3-217 
gravity, center of 3-170 
Equilibrium (physiol.) 5-289 
Equilibrium constant (phys.) 
3-217 
Equinox (astron.) 1-23 
Equisetophyta (bot.) 4-10, 58 
Equivalent weight (chem.) 
3-147 


Era (geol. time division) 2-284; 


4-478 

Eratosthenes (Gr. astron.) 
1-54 

Eratosthenes (mooncrater) 
1-306 

Erbium (elem.) 3-38 

Ergonomics (sci.) 5-416 


Eridanus (constellation) 1-35 


Erie, Lake, N.Amer. 
pollution 2-457 

Ermine weasel (zool.) 5-86 

Eros (astron.) 1-159, 160 
orbit, diag. 1-159 
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Erosion (geo), illus. 2~162, 
407, 160 
coastal dunes 2-465 
coastal shape 2-211 
Glaciers 2-193, 194 
mountains, formation of 
2-75, 77, 60, 63, 180 
plains, formation of 2-87 
rain 2-162 fol. 
sheet floods 2-416 
strip mining 2-464 
valleys 2-419 
waves, ocean, jllus. 2-205 
winds 2-425 fol 
Erosion base (geo!) 2-420 
Erosion terrace (geol,) 2-424 
ERTS see Earth Resources 
Technology Satellite 
hgieg fetalis (med.) 


5- 
Erythrocyte see Red blood cell 
Escape velocity (rocketry) 

1-252, 259, 432 
Escherichia coll (bact.) 3-399; 

4-28 


division, illus. 4-26 
ap pi DNA 3-505, 


water contamination 2-439 
Esker (geol.) 2-200 
Esophagus (anat) 5-231; jius. 
5-229 


Eta particle [phys.) 3-314 
Ethane (chem) 3-133 
Ether (chem) 3-139 
Ethor (phys) 3-3513 
) 3-351, 352. 349 
Ethology (sci.) 4-453 
See also Animal behavior 
Ethyl alcohol (chem) 
boiling point 3~16 
feinga hatte 
t of vaporization 3-207 
Ethylene (chem) 3-135 
Etna, Mount, volc., Sic. 2-66. 
69; illus. 2-61 
(anc. people of italy) 
numerals 1-341 
(tree) 4-175 
Euclid (Gr. math.) 1-368, 401 
Euclidean geometry 1-401 
‘See also Plane geometry; 
Solid geometry 


Euclid’s ie (geom.) 
1- 
Eudorina (biol.) 4-192 
Euergetes | (Egy. pharaoh) see 
Ptolemy IlI 
Eugenist (sci) 5-343 
Euglena (biol.) 3-380; 4-34, 
192; illus, 3-513; 4-34, 
193 
Euglenophycota (biol.) 4-8, 34 
Euhominid (anthro.) 4-489 
Eumetazoa (200!) 4-184 
Eumycota (bot.) 4-9 
Euphorbia apios (bot.) 
classification 3-514 
Euphoriant (drug) 5-433, 434 
Europa (astron.) 1-127 
Europe 
continental drift 2-19 
continental islands 2-216 
European elk see Moose 
European larch (tree) 4-168 
European swallowtail (butter- 


Europium (elem,) 3-38 

Eurypterid (paleon.) 4-481; 
illus. 4-483 

Ears prg tube (anat.) 5-283, 


Eutrophication (ecology) 
2-409, 457, 493, 495 
EVA see Extravehicular activity 
Evans, Oliver (Amer. inv.) 6-71 
Evans, Ronald E. (Amer, astro.) 
1-279, 284; illus. 1-280 
Evaporation (phys.) 3-15 fol., 
103, 207; illus. 3-15 
reservoirs 2-436 
vacuum 3-207 
water desalting 2-447 
Evaporite (rock) 2-16 
Even parity (phys.) 3-345 
Everest, Mount, Asia 2-84 
Everglades National Park, Fla. 
mangrove swamp, illus, 
2-476 
Evergreen (bot.) 4-64 
coniters 4-165 
leaves 4-163 
EVOLUTION (biol) 3458-74 
adaptation 3-475 
angiosperms 4-68 
antelope family 5-126 
bioluminescence 3-436 
birds 4-366 
carnivores 5-77 
cat family 5-98 
Coelenterates 4-203 
Darwin, C. 3-456, 457 
5-69 


dog 
elephants 5-110 
endangered species 2-483 
fossils 2-281; 4-478 fol. 
tungi 4-45 


EVOLUTION (cont 
gymnosperms 4-68 
human §~-154 
mammals 4 
mammals, eç 
marsupial § 
primates 5-15 
seals and wa! 5-44 
sharks 4-317 
snakes 4-34! 
viverrids 5-9 
whales 5-50 

Evolution (math | 1-348 

Exclusion principis ohys.) 

3-323, 341 
Excretory system at.) 
5-161; jih 66 
EXERCISE 5-355 365 
Exhaust nozzle (o e) rock- 
ets 1-249, 
Exhaust system (>. io ) 6-78; 
illus. 6-78 

Exobiology (sc: } | 6 

Exopterygota (er 4-259 

Exoskeleton (ana ect 

4-251 
Exosphere (atmos; c layer) 
1-99; 2-11% +. 2-108 
Expanding-univers» iheory 
(astron,) 1 
X-ray astrono 178 
EXPERIMENT, HO\ 
3-403-16 
Experimental psycho'ogy 
5-406 

Exploding star (asi: 

Exploration 
early sea explorers 2-223 
See also Space exploration 

Explorer (artificial \lite) 

1-262, 265, 2¢ 
Explosive 6-269 
coal mining, explosives 
used in 2-327 
firedamp 2-329 
Exponent (math.) 1-348, 358, 
359 
logarithms 1-360 
Exposure (phot.) 6-245 fol 
249 
Exposure meter (phot ) 6-162. 
248; illus, 6-162 
Extended Binary Coded Deci- 
mal Interchange Code 
(data-storage code) 


5-3, 5, 26 
ng 5-16 


1-464 
Extensor muscle (anat.) 
5-191 
External combustion engine 
(mach.) 6-59 
Extinct animals 2-483 fo! 
dodo 4-397 


heath hen 4-396 
passenger pigeon 4-398 


Extragalaciic nebula (astron.) 
1-21 18 
Extrasen perception (ESP) 
r r ESP, illus. 
5-4 
Extraterres +) life see Life, 
Extr estrial 
Extravehic» <r activity 
(ma i space flights) 
1-2 
Extrinsic vs. able (star) 1-194 
Extrusion us.) 
plastic 282; illus. 6-282 
steel { and tubing pro- 
duc 5-54 
Extrusive m »s (geol.) 2-12, 13 
EYE (anat 75-80 
bird 4 illus, 4-373 
birds oy 4-384 
color 3-114 
color on 3-308 
fish 4 
insect 2 
laser s y 6-340 
optic 3 
owl 4 
retina 3-299 
snakes 47 
transp JÍ cornea 5-468 
ultras scanner for 
stud llus. 6-290 
Byeplece 5) 6-303, 317 
ol 
Eysenck, Hes (Ger.-Eng. 
psyc! 294 
F 
Fabian, John M. (Amer. astro.) 
1-279 
Fabricius, David (Ger. theol., 
astron.) 1-197 


Facial bone (anat ) 5-177 

Facsimile transmission 6-166 

Facula (solar region) 1-68 

Fahrenheit, Gabtiel Daniel 
(Ger. phys.) 3-199 

Fahrenheit temperature scale 
3-12; 6-391; illus, 3-12 

Fahrenheit thermometer 3-199 

Faith 7 (Spacecraft) 1-277 

Falcon (bird) 4-387; illus. 
2-484; 4-387 

Falconry (sport) 4-388 

Falkland Current (ocean cur- 
rent) 2-257 

Fallopian tube (anat.) 5-317 
tol.: illus. 5-317, 318 

Sa deer (zool.) 5-118; illus. 

=118 

False coral snake (zool.) 4-352 

e rib (anat.) 5-180 

Family (biol.) 3-515 


FAMOUS, Project (oceanog.) 
2-278 
Fang (z001.) 3-477; 4-348, 355 
Fantail (pigeon) 4-399 
Faraday, Michael (Eng. phys.) 
electrical charge experi- 
ments 3-225 
electrolysis 3-147 
electromagnetism 3-230 
Faraday's laws (electrolysis) 
3-147 
Farnsworth, Philo T. (Amer. 
inv.) 6-203 
Faro (island) see Key 
Farsightedness (ophthal.) 
5-280; illus. 5-278 
Fasting 5-239 
FAT (chem.) 5-380-82; 3-381, 
383 fol. 
chemical structure 3-142 
content in certain foods, 
table 5-382 
fatty acids 3-427 
older persons’ diet 5-362 
Fathometer (instru.) 3-263 
Fatigue, Muscle (physiol.) 
5-190 
Fatty acid (chem.) 3-427; 
5-380 
Fault (geol.), illus. 2-81, 316 
mountains, formation of 
2-79 
oil deposits 2-310 
plate tectonics 2-23 
seashores 2-212 
Feather (ornith.) 4-368, 370; 
illus. 4-369 
color 3-112 
owls 4-389 
Feather compound leaf (bot.) 
4-163; illus. 4-163 
Feath: (zool.) 4-208 
Fe (physiol.) 5-238 
Federal Communications 
Commission 
amateur radio licensing 
6-189 
Feedback 
automation 6-367 
cybernetics 6-368 
Feeling (psych.) 5-299, 413 
Feldspar (min.) 2-13, 14, 40, 50 
climate’s effect on 2-287 
moon 1-310 
Femur (anat.) 5-185; illus. 
5-181, 184 
Fenestra ovalis (anat.) 5-283 
Fennec (zool.) 5-76; illus. 5-76 
Feoktistov, Konstantin P. (Sov. 
cosmonaut) 1-277 
Fer-de-lance (snake) 4-357 
Fermentation (chem.) 4-75 
bacteria 4-25 
yeast 4—48 


Fermi-Dirac statistics (math.) 
3-313 
Fermion (phys.) 3-313, 314 
Fermium (elem.) 3-38 
FERN (bot.) 4-58-60, 54; illus. 
4-157 
fossils 4-483 fol.; illus. 
2-286; 4-478 
houseplants 4-155 
Fern moss (bot.) 4-55 
Ferret (zool,) 2-492; 5-88 
Ferric chloride (chem.) 
coagulant for water purifi- 
cation 2-442 
Ferric sulfate (chem.) 
coagulant for water purifi- 
cation 2-442 
Ferrochrome plant (metal.), 
illus. 6-40 
Ferromagnetic material (phys.) 
3-240 
Ferrous alloy (metal.) 6-40 
Ferrous metallurgy 6-34 
Fertilization (biol.) 5-318, 332; 
3-459; illus. 3-419, 420; 
5-320 
frogs 3-489 
plant 4-109 
Fertilizer (agr.) 
anthracite ash 2-334 
houseplants 4-157 
phosphate 2-412 
radioisotope study of 
uptake 3-328 
sludge 2-506 
water pollution 2-409, 457, 
458, 493 
Fertilizer industry 6-269 
Fetch (water area on which 
waves are generated) 
2-236 
Fetus (embryol.) 3-417; 5-319 
fol.; illus. 5-323 fol. 
birth 5-329 
ultrasonic scanning 6-291; 
illus. 6-286 
FIBER, Dietary 5-386-88 
Fiber, Muscle see Muscle fiber 
Fi Nerve see Nerve fiber 
Fiber, Synthetic 6-271 
petroleum 2-318 
Fiberglass, i//us. 6-277, 279 
FIBER OPTICS 6-292-95 
Fiberscope (instru.) 6-293 fol.: 
illus. 6-294 
Fibonacci series (math.) 
1-482 
flow chart, illus. 1-483 
Fibrin (biochem.) 5-202 
Fibrinogen (biochem.) 3-114; 
5-198, 202 
Fibrous system (bot.) 4-91 
Fibula (anat.) 5-185; illus. 
5-181, 184 
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433 


434 


Fiddler crab (zool.) 4-236; illus. 
4-234 
biological clock, illus. 
3-441 
tidal clock 3-441 
Field, Cyrus W. (Amer. busi- 
nessman) 6-167 
Field, George B. (Amer. 
astron.) 1-238 
Field-emission microscope 
(instru.) 6-311 
Field glasses 
bird observation 4-445 
Field guide 
bird observation 4-445 
Field-ion microscope (instru.) 
6-311 
Field study 
bird observation 4-445 
Fig tree (bot.) 4-171 
Filarial worm (zool.) 4-214 
Filariasis (med.) 4-215 
Filial cell (biol.) 3-459 
Filicineae see Fern 
Filicophyta (bot.) 4-10, 58 
Filipchenko, Anatoly V. (Sov. 
cosmonaut) 1-278 
Filling (tooth) 
materials 5-252 
Film, Photographic 6-247, 240, 
242, 251 
developing 6-249 
light sensitive ingredients 
3-117 
Film speed (phot.) 6-247 
Filter 
charcoal filters for water 
treatment 2-442 
sand filters for water treat- 
ment 2-434, 440, 443; 
illus. 2-443 
Filterable virus see Virus 
Filtration, Water 2-440 
ground water 2-179 
Fin (zool.) 4-304, 307 
shark 4-318 
Finch (bird) 3-470; 4-443; illus. 
3-472; 4-439 
Fingal's Cave, Scot. 2-101 
Finger Lakes, N.Y, 2-195 
Fingerprint 5-170 
Finishing jig (metal.) 6-32 
Finishing mill (metal.) 6-52 
Fin whale (zool.) 5-55 
Fiord (geol.) 
formation 2-211 
Fir (tree) 4-166, 167: illus. 
4-166 
Fire 
atmospheric oxygen 2-105 
Fire assay see Dry assay 
Fire boss (mining supervisor) 
2-329 
Fire-control radar (mil.) 6-197 


INDEX 


Fire-control system 3—206 
Firedamp (gas) 2-329 
Firefly 3-434 fol.; 4-282 
Fire hydrant 2-449 
Fireplace 
operation, illus. 3-211 
Fire retardant (plastics indus.) 
6-277 
Firetube boiler 6-59; i//us. 
6-60 
Firing pad (rocketry) 1-253 
Firn 2-190, 197 
Fischer-Tropsch water-gas 
process (coal liquefac- 
tion) 2-334; illus. 2-334 
FISH (zool.) 4-300-15 
adaptations 3-478 
bioluminescence 3-433, 
434, 437; illus. 3-434, 
436, 437 
conservation 2-404 
conservation in ocean 
2-232 
courtship 4-457 
embryo, illus. 5-148 
endangered species 2-493 
fossils 4—480 fol. 
harvesting 2-404, 410 
hatcheries 2-405 
head 3-472 
luminous 3-432 fol., 
mercury contamination 
2-458, 459 
migration 4-468, 483 
oceanic, illus. 2-262, 267 
parrot fish, illus. 2-230 
perception 3-452 
sharks 4-316 
sonar detection 6-289 
swimming 4-307 
territorial behavior 3-491 
water conservation's 
effects on 2-408 
Fish and Wildlife Service (U.S.) 
2-494 
Fisher (zool.) 5-86 
Fisher, Sir Ronald A. (Eng. 
geneticist) 5-406 
Fisheries 
offshore limits 2-411 
Fisher spider (zool.) 4-247 
Fish-eye lens (phot.), illus. 
6-243 


Fishhook cactus (bot.), illus. 
4-106 
Fishing regulation 2-402 
Fish ladder (accessory struc- 
ture of dam) 2-408 
Fission (biol.) 
bacteria 4-5, 23: illus. 4-25 
plantlike flagellates 4-192; 
illus, 4-196 
Fission, Nuclear see Nuclear 
fission 


Fissionable material (phys.) 
2-360 
Fissure (anat.) 5-26 
Fissure eruption (volc ) 2-70 
Fissure of Rolando (anat.) 


5-267 
Fitzgerald, G. | Phys.) 
3-354 
Fitzgerald-Lo z contraction 
(phys.) 3 
Flagellate (biol 191 
biolumines 2 3-432 
Flagellum (bio 
bacteria 4 
coelenterz 4-200 
sponges 4 +; illus. 
4-199 
Flakeboard 6 
Flamingo (bird) 
Flamsteed, Joh 
1-182 
Flange (anat.) ! 
Flap (aero.) 6 
Flash flood 2 
Flash gun (ph 6-249 
Flashlight 3—2 lius. 3-228 
Flashlight fish 3-437 
Flash radiogray 6-349 
Flat (printing) 6-232 
Flat color printing 6-238 
Flatfish, i//us. 4-206 
Flat foot 5-186 
FLATWORM (2z00).) 4—209-12 
Flavor (phys.) 3—322, 324 
F layers (atmos re) 2-112 
Fleming, Sir Ale der (Scot. 
phy. and bact.) 5-481 
Flexible light guide (optics) 
6-294 
Flexographic printing 6-238 
Flexor muscle (anat.) 5-170 
Flight 
birds 4-367 


space flight 1-254 
Flight controls (guidance-sys- 
tem element) 1-257 
FLIGHTLESS BIRDS (zool.) 
4-379-82 
Floating body 
Archimedes’ principle 
3-185 
Floating rib (anat.) 5-180 
Floc (mass formed by coagu- 
lant) 2-441; illus. 2-442 
Flood 2-187; illus, 2-161, 188 
sheet floods 2-416 
Flood control 2-188 
Flood current (oceanog.) 
2-246 
Flood plain (geog.) 2-183, 422, 
424 
Flood tide (oceanog.) 2-242 
Florey, Sir Howard W. (Brit. 
path.) 5-481 


Florida Current (ocean current) 
2-258 

Flotation process (metal.) 

6; 6-32; illus. 


3- 6-33 
FLOWER (bot.) 4—103-10, 64, 
68 
cactus 4-152 
reproduction 4-82 
trees 64 
turgor movements 4-81, 82 
Flowering plant see Angio- 
sperm 
Flowstone (cave formation) 
2-10 
Fluke (fla m) 4-211 
fluke eep liver, illus. 
4-2 
Fluorescence (phys.) 
minerals 2-46 
Fluorescence microscope 
(ins 6-307 
Fluorescent lighting 2-396; 
3-4 
Fluorescen’ material 3-299 
Fluoridatio 
dentis 248 
Fluorine (© ) 3-38; 6-268 
electron arrangement 
3-5 us, 3-54 
produ fluorine gas, 
illus 269 
trace el ntin human 
body 5-383 
Fluorite (r 
hardn 
Fluorocarbo 
Fluoroscope 
Flux (meta 
limestone 6-43 
Fly (insect) 4-264; illus. 4-480 
caves 2-103 
diseases caused and 


Fly ash (air pollutant), illus. 
2-469 
Flycatcher (bird) 4-428, 435; 
i illus. 4-429 
Flying boat {aerọ.) 
NC-4's Atlantic flight 


6-105 
Flying fish (zool,) 4-306; illus. 
4-313 


Flying saucer see Unidentified 
flying object 
Flying squirrel (zool.) 5-38 
Flywheel (mech.) 
Steam engine 6-60 
phumber (phot.) 6-243 
Saming (plastics indus.) 6-284 


Focal length (phot.) 6-243, 300 


Focke, Heinrich (Ger. eng.) 
6-106 
Focus (phot.) 6-243, 245, 246 
Focus (seismol.) 2-30 
Foehn (wind) 2-132 
FOG (meteorol.) 2-145-55; 
illus. 2-159 
Fold (geol.) 
mountains 2-78 
seashores 2-212 
Fold mountain (geol.) 2-76 fol. 
Folic acid (biochem.) 5-368, 373 
Follicle see Graafian follicle; 
Hair follicle 
Fomalhaut (star) 1-34 
Fontanel (Fontanelle) (anat.) 
5-176, 326 
Food 
allergies caused by 5-446 
animals’ adaptations for 
food-getting 3-475 
colloidal phenomena 
3-114 
ecosystem 3-487 
fish as human food 4-314 
fruit and seeds 4-117 
processing using radioiso- 
topes 3-328 
proteins and fiber 5-384 
spoilage 4-26 
vegetables 4-145 
Food chain (ecology) 3-487; 
illus, 3-485 
environmental pollution 
2-466, 492 
Food poisoning 4-26 
Food preservation 3-490 
Food pyramid (ecology) 3-487 
Food web (ecology) 3-487 
Fool's gold see Iron pyrite 
Foot (anat.) 
bird 4-371 
bones 5-185; illus. 5-185 
owls 4-389 
perching birds 4-427 
plantigrade 5-83, 84 
Foramen magnum (anat.) 
5-176; illus. 5-177. 
Foramina (anat.) 5-179 
Foraminifer (biol.) 4-195 
fossils 4-476, 482 
Forbes, Edward (Brit. biol.) 
2-225 
Forbidden lines (nebular spec- 
trum) 1-204 
Forbush, Scott E. (Amer. phys.) 
1-225 
Forbush effect (phys.) 1-226 
Force (phys.) 3-7, 177, 178 
flight 6-115 
liquids and gases, forces 
within 3-183 
simple machines 3-154 fol. 
strong nuclear force 3-312 


Forced vibration (acoustics) 
3-260 
Ford, Henry (Amer. auto. manu- 
facturer) 6-94; illus. 6-71 
Selden patent suit 6-71 
Foregut (embryol.) 5-322 
Foreshock (seismol.) 2-31 
Forest 
climates, analysis of 2-287 
conservation 2-404 
multiple use 2-477 
See also Forest technology 
Forest, Fernand (Fr. inv.) 6-63 
Forest reserve 2-477 
FOREST TECHNOLOGY 
6-14-20 
Forgetting (psych.) 5-311, 412 
Forging (metal.) 
steel products 6-54; illus. 
6-49 
Forlanini, Enrico (It. inv.) 6-134 
Form (printing) 6-234 
Formaldehyde (chem.) 6-276, 
278 
Formic acid (chem.) 4-25 
Formula 
algebra 1-354, 357 
chemistry 3-62 
Forsythia (bot.), illus. 4-104 
FORTRAN (computer program 
language) 1-476, 478, 
481 
Forward-scatter transmission 
6-208 
Fossa (zool.) 5-94 
FOSSIL (paleon.) 4-475, 89; 
2-6, 285 
birds 4-366 
climates, analysis of 2-286, 
287, 289 
fern leaf, illus. 2-286 
geological time scale 
2-279 fol. 
loess, fossils found in 
2-431 
mountains 2-76, 85 
sedimentary rocks, fossils 
found in 2-17, 51 
snakes 4-346 
Fossil fuel 2-294, 297; 377, 412 
See also Coal; Natural gas; 
Petroleum 
Fotosetter (mach.) 6-230 
Foucault, Jean-Bernard-Léon 
(Fr. phys.) 1-101 
Foucault pendulum 1-101 
Four-dimensional continuum 
(phys.) 3-353 
Four-stroke engine 
automobile 6-71; illus. 
6-76 
diesel 6-66; illus. 6-67 
gasoline 6-63; illus. 6-64 
Fovea centralis (anat.) 5-276 
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436 


Fox (zool.) 5-75; illus. 5-75, 76 
Fox fire 3—432 
Fraction (math.) 1-349 
binary numerals 1-451 
Fractional distillation 6-263 
Fractionating tower (Fractiona- 
tor) (petroleum indus.) 
2-316 
Fractionation of blood 5-199 
Fracture (med.) 5-186 
Fracture (min.) 2—45 
Fragilitas ossium (med.) 5-186 
Fragmental rock (geol.) 2-15 
France 
engineering, history of 
6-12 
Francis reaction turbine 
(mach.) 2-391; illus. 
2-389 
Francium (elem.) 3-38 
Franklin, Benjamin (Amer. sci., 
patriot) 2-141, 144 
bioluminescence experi- 
ments 3-432 
kite experiment 3-226 
weather observations 
2-121 
Frantzell, Arne (Swed. sci.) 
6-348 
Frasch process (min.) 6-266; 
illus. 6-266 
Fraternal twins (biol.) 5-318, 
335; illus. 5-335 
Fraunhofer lines see Absorp- 
tion lines 
Freccia del Garda (hydrofoil) 
6-134; illus. 6-136 
Freccia del Sole (hydrofoil) 
6-134 
Fredonia, N.Y. 
natural gas 2-337 
Free association (psych.) 
5-412 
Freedom 7 (spacecraft) 1-277 
Free flight 1-255, 260 
Free vibration (acoustics) 
3-259 
Freezing (phys.) 3-88 
water desalting 2-447 
Freezing point 3-89, 205 
solutions 3-103 
Freight-car yard, illus. 6-91 
Freight train 6-90 
Freon (chem.) 3-34 
Frequency (radio signals) 
6-209, 210 
Frequency, Wave see Wave fre- 
quency 
Frequency-division multiplex 
transmission (teleg.) 
6-166 
Frequency modulation (elec- 
tron.) 6-179, 209; illus, 
6-175 
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Fresco painting 6-23 
Freud, Sigmund (Aus. psy- 
choanalyst) 5—297 
case-study method 5-408 
Friction (phys.) 3-21 fol., 177 
wind 2-129 
Friendship 7 (spacecraft) 1-277 
Frigate bird (ornith.) 4—426; 
illus. 4-453 
Frilled lizard (zoo!.) 4-345 
Fringing reef 2-214, 221, 262; 
illus. 2-220, 268 
Frisch, Karl von (Aus. zool.) 
4-273 
Fritillary (butterfly) 4-293; illus. 
4-291 
FROG (zool.) 4-329-30, 327, 
336; illus. 4-327, 328, 335 
behavior 4-455, 457 
cloning 3-509; illus. 3-508 
eye 3-453 
Galvani’s experiments with 
3-227 
habitat 3-489 
life cycle 4-332; illus. 
4-333 
longevity 4-335 
migration 4-472 
Frogmouth (bird) 4-405; illus. 
4-404 
Frond (bot.) 4-58 
Front (meteorol.) 2-134 
Frontal bone (anat.) 5-176; 
illus. 5-177, 181 
Frontal cloud 2-148 
Frontal lobe (anat.) 5-266 fol. 
Front lighting (phot.) 6-249 
Frost (meteorol.) 2-152 
FRUIT (bot.) 4-111-18, 165; 
illus. 4-165 
fiber 5-388 
FRUIT DISPERSAL (bot.) 
4-119-25 
Fruit fly (insect) 4-265 
chromosomes, illus. 3-426 
compound eye, electron 
micrographs of, illus. 
6-313 
Fruiting body (bot.) 4-44, 50, 51 
Fruit trees 4-173 
Frustration (psych.) 5-304, 414 
Frustum (geom.) 1-383; illus. 
1-382 
Fucus (bot.) 4—40: illus. 4-37 
Fuel 
alternative liquid fuels, 
chart 3-136 
coal 3-320 
electricity, generation of 
386 


fossil fuel 2-294, 297, 377, 
412 


natural gas 2-336 
petroleum 2-304 


O 


Fuel (cont.) 


rockets 1 7, 248, 250 
solar enc -77 
Fuel cell (spa 
source 
Fuel gas 
manufact jases 2-333, 
343; ill -334 
natural gas 2-336 
Fuel oil 
organic-y conversion 
2-376 
petroleu 04 
Fuel system 
automobi jine 6-77 
diesel en 3-67 
gasoline > 6-65; illus. 
6-66 
Fulcrum (piv t) 3-155 
Fulgurite (geo) | 2-144 
Fullerton, C. © n (Amer. 
astro.) 1 
Fulmar (bird 
Function (m< 333, 434 
Fundus (anat 2 
Fundy, Bay of, © ^mer, 2-241, 
244 
tidal ener: 249 
Funerary shir 
radioactiv ng of 
ancient an funer- 
ary ship | 
Fungicide (ch 1—46 
FUNGUS (bot 53 
adaptatio 34, 141 
bacteria, simi!urities with 
4-22 
biolumins ice 3-432 
caves 2- 1( 134 y 
radioisotope tracer studies 
3-328 
Funiculus (anat. 5-270 
Funk, Casimir (Pol. chem.) 
5-368 
Funnel-web spider (zool.) 
4-246 


Funny bone (anat.) 5-183 
Fur-bearing animals 
endangered species 2-490, 
495 
Furnace 
blackbody 3-331 
solar furnace, illus. 2-297, 
346 
Furnas County stone (meteor 
ite) 1-163 
Fur seal (zool.) 5—45; illus. 
5-47 
Fur-seal rookery, Pribilof Is- 
lands, Alas., illus. 5-48 
Fuse (elec.) 2-395; 3-235; illus. 
2-395 
Fuse box (elec.) 3-235 
Fuselage (aero.) 6-112 


Fusion. Heat of see Heat of 
fusion 


Fusion, “uclear see Nuclear 
G 
g (acce!»: ation due to gravity) 
3 5, 167 
val table 3-167 
Gabbro ock.) 2-14, 50 
me —302, 309, 311 
Gabor tis (Brit. sci.) 6-334 
Gadolin:um (elem.) 3-38 
Gagari uri A. (Sov. cosmo- 
r 1-277 
Galaci ister (stars) 1-188, 
192, 212; illus. 
1 , 212, 214 
Galago 30l.) 5-132, 134 
Galalit! istic) 6-275 
Galapa: islands 
De s visit 3-456 
turt 1-360 
Galapaw~s turtle (zool.) 4-360; 
ili 4-472 
GALAX on.) 1-215-22, 
1 8; illus. 1-8, 205 
co: gy 1-14, 15 
int lar space 1-200 
f 4 
Mat and Maffei 2, illus. 
1 
Milk; Way 1-19, 206 
quas ¿rs as evolving galax- 
ie 238 
Galidine 2001.) 5-94 
Galileo i.) 1-6, 36, 52, 88, 
acceleration 3-174 


moon 1-106, 296 
pendulum 3-176 
Saturn 1-132 
sur 67 
thermometer 2-117; 3-199 
Gall bladder (anat.) 5-236 
gallstones 5-243 
Galle, Johann Gottfried (Ger. 
astron.) 1-89; 3-165 
Neptune 1-139 
Saturn 1-133 
Galley (printing) 6-230 
Galliforme (ornith.) 4-391 
Gallinule (bird) 4-419 
Gallium (elem.) 3-38 
Gallstones (med.) 5-243 
Gall wasp (Gallfly) (insect) 
4-276 
Pollination of fig trees 
4-170 
Galton, Sir Francis (Eng. sci.) 
5-405 
Galvani, Luigi (It. anat.) 3-226 


Galvanized steel (metal.) 6-52 
Galvanometer (instru,) 3-233; 
illus. 3-232 
Game management 2-404; 
3-493 
Game of chance 1-415 fol. 
Gamete (biol.) 3-459; 5-316 
GAME THEORY (math.) 
1-424-30 
Gametophyte (bot.) 
fern 4-58 
horsetails 4-60 
moss 4-54 
Gamma globulin (biochem.) 
5-198 
Gamma ray (phys.) 3-325, 327; 
illus. 3-249 
cosmic rays 1-226 
penetrating power, illus. 
3-326 
wavelength 3-295 
Gamow, George (Russ,-Amer. 
phys.) 1-14 
Ganglion (anat.) 5-254, 273 
Ganglion cell (anat.) eye 5-276 
Gangue (min. waste) 6-29, 31 
Gannet (bird) 4-426 
Ganswindt, Hermann (Ger. inv.) 
1-247 
Ganymede (astron.) 1-127 
Garbage (waste) 2-497 
Gardening, Vegetable 4-147 
Gardner, Dale (Amer. astro.) 
1-279 
Garnet (gemstone) 2-18 
Garofalo (whirlpool) 2-248 
GARP see Global Atmospheric 
Research Program 
Garriott, Owen K. (Amer. astro.) 
1-279 
Garter snake (zool.) 4—349, 
350, 354; illus. 4-349 
Garwin, K. (Amer. phys.) 3-346 
GAS (chem.) 3-10-20, 189-95 
adhesive forces 3-25 
air pollution 3-468 
atmosphere 2-105 fol. 
Boyle's law 3-205 
Charles’ law 3-205 
diffusion 3-24 
entropy 3-218; illus. 3-218 
Gay-Lussac’s law 3-205 
interstellar space 1-200, 
203 
ocean 2-227 
plasmas derived from 
3-361 
viscosity 3-22 
volume 3-367 
water 3-92 
Gas, Fuel see Fuel gas 
Gas, Natural see Natural gas 
Gas chromatography see Va- 
por chromatography 


Gas-driven oil well 2-311 
Gaseous-diffusion process 
(phys.) 2-363; illus. 
2-364 
Gas-filled tube (electron.) 
6-141 
Gas laser 6-338 
Gas mask 3-117 
Gasohol 2-376 
Gasoline 2-316, 317 
composition 3-134 
lead emission 2-468 
production 3-73 
Gasoline engine 6-63; i//us. 
6-65 
airplanes 6-117 
automobile 6-72 
stratified charge 6-98 
Gas proportional counter (in- 
stru.), illus. 6-351 
Gastric juice (physiol.) 5-233 
Gastric ulcer (med.) 2-243 
Gastritis (med.) 
alcohol as cause of 5-427 
Gastrointestinal tract (anat.) 
5-229 
Gastrolith (paleon.) 4-477 
Gastropod (zool.) 4—223; illus. 
2-266 
fossil 4-480 
Gastroscope (instru.), illus. 
6-294 
Gastrulation (embryol.) 3-421; 
illus. 3-421 
Gas turbine (mech.) 2-389; 
6-69; illus. 2-388 
automobile 6-98 
Gas-turbine-electric locomo- 
tive 6-89 
GATE (GARP Atlantic Tropical 
Experiment) 2-124 
Gauss, Karl Friedrich (Ger. 
math.) 
planetary orbits 1-159 
Gavial (zool.) 4-365; illus. 
4-365 
Gay-Lussac, Joseph-Louis (Fr. 
sci.) 3-14, 205 
Gay-Lussac’s law (gas law) 
1-357; 3-14, 205 
Gazelle (zool.) 5-131; illus. 
4-181 
Geanticline (geol.) 2-78 
Gear (mech.) 3-159; illus. 
3-159 
Gear ratio (mech.) 3-159 
Gecko (zool.) 4-343 
detachable tail, illus. 4-341 
Geese see Goose 
Gegenschein (atmospheric 
phenomenon) 2-112 
Geiger-Mueller counter 
cosmic rays 1-224, 226 
radiocarbon dating 6-352 
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438 


Geitel, Hans (Ger. phys.) 6-159 
Gel 3-108 
protoplasm 3-386 
Gell-Mann, Murray (Amer. 
phys.) 3-321; illus. 3-321 
Gemini (constellation) 1-35 
Gemini (spacecraft) 1-277, 278, 
280 
Geminid (meteor shower) 
1-166 
Gemma (star) see Alphecca 
Gemmule (biol.) 4-200 
Gemsbok (zool.) 5-128 
Gemstone (min.) 2-49 
Gene (biol.) 3-459, 389, 417, 
419, 431, 497; 5-337 fol., 
158, 316 
Gene pool (biol.) 3-464 
General Land Office (U.S.) 
2-476 
General paresis (med.) 5-273 
General Sherman tree (giant 
sequoia) 4-168 
General theory of relativity 
3-357 
Generator, Electric 2-384 fol.; 
3-229; illus. 3-227; 6-5 
Steinmetz generator 2-142 
Generator, Wind 2-349 
Gene splicing see Recombi- 
nant DNA 
Genet (zool.) 5-93; illus. 5-93 
Genetic code (biol.) 3-417 fol., 
430, 431, 496, 504 
Genetic counseling 5-343 
Genetic engineering 5-343 
Genetic marker 
ankylosing spondylitis 
5-458 
cloning 3-508 
recombinant DNA 3-504 
Genetics (sci.) 5-337 
cloning 3-508 
DNA and RNA 3-496, 431 
evolution 3-459 
human heredity 5-331 
mathematics 1-337 
recombinant DNA 3-504 
viruses in genetic research 
3-400 
Genotype (biol.) 3-461; 5-339 
Genus (biol.) 3-470, 514, 515 
Geochemistry 2-9 
Geode (rock formation) 2-174; 
illus. 2-42 
minerals 2-40 
Geodesic (geom.) 1-401, 402: 
illus. 1-402 
Geographic isolation (biol.) 
3-468 
Geographic pole see Pole, 
Geographic 
GEOLOGICAL TIME SCALE 
2-279-84; 4-478 
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Geologic column (geol.) 2-17, 
281 
Geologic thermometer 
(method of climate analy- 
sis) 2-288 
Geologic time see Geological 
time scale 
Geology 2-8 
caves 2-94 
climates of past ages 2-285 
earth and moon compared 
1-304 fol. 
earth's crust 2-10 
geological time scale 
2-279 
ground water 2-168 
islands 2-215 
mountains 2-75 
oceanography 2-260 
plate tectonics 2-19 
seashore, formation of 
2-203 
wind erosion 2-425 fol. 
See also Astrogeology 
Geomagnetic electrokineto- 
graph (instru.), illus. 
2-253 
Geometric sequence (math.) 
1-362 
Geometric spider see Orb 
weaver 
Geometry (math.) 1-332 
analytic geometry 1-391 
chemistry, use in 1-337 
formulas for lengths, areas, 
and volumes 6-394 
non-Euclidean geometry 
1-401 
plane geometry 1-366 
solid geometry 1-380 
Geomorphology 2-9 
Geophysical exploration 
geothermal resources 
2-356 
natural gas 2-339 
petroleum 2-311 
plate tectonics 2-27 
prospecting for ores 6-28 
Geophysics 2-9, 52 
earthquakes 2-28 
plate tectonics 2-21, 24 
Georges Bank, U.S. 2-261 
Geosyncline (geol.) 2-76, 78; 
illus. 2-78 
GEOTHERMAL ENERGY 
2-354-57, 74 
Geotropism (biol.) 4-80, 81 A 
illus. 4-81 
Gerbil (zool.) 5-41 
Gerenuk (zool,) 5-131 
Geriatrics 5-359 
Germanium (elem.) 3-38 
transistors 6-143 
Germ cell (biol.) 3-422 


Germer, Lester H. (Amer. 
phys.) 3-339: illus. 
3-331 

Germination (b 


4-127 
Gerontology 5 ) 


Gesner, Abrah Can. sci.) 
2-306 

Gestalt psychology 5-140 

Geyser 2-71 172; illus. 
2-66, 3 4 

Geysers, The, steam field, 
Calif. 2- 55 

Ghiraldi, Luigi Lilio (It. astron., 
phy.) 1 

GHOST (weai! loon) 
2-120 

Giacobinid (meteor shower) 
1-166 

Giant fern (bot } 

fossil, itiu 3 

Giant fir (tree) 4 

Giant forest pik 1.) 5-112 

Giant panda ( 5-83; illus. 
2-483; 5 

Giant petrel (t JS, 4-424 

Giant saguaro « s (bot.) 
4-152; illus, 4-149 

Giant salamancc ol.) 4-331 

Giant sequoia (tree) 4-168; 
illus. 4—\¢ 

Giant silk-spinr noth (in- 
sect) 4~2! 

Giant skipper (butterfly) 4-292 

Giant star 1—15¢ 

Gibberellin (bot.) 4-78 

experiment i ating how 

gibberellins affect the 
growth of bean plants 
3-408; illus. 3-409, 412 

Gibbon (zoo!.) 5-141; illus. 
5-141 

Gibraltar ape (z00!.), illus. 
4-460 

Gibson, Edward G. (Amer. as- 
tro.) 1-279 


Giffard, Henri (Fr. eng.) 6-101 
Gila monster (zool.) 4-341, 
344; illus. 4-344 
Gila Wilderness, U.S. 2-478 
Gilbert, Sir William (Eng. phy.) 
1-98; 2-59; 3-226, 242 
Gill (anat.) 
amphibians 4-328 
fish 4-304, 309 
salamander 4-335 
sharks 4-318 
Gill fungus (bot.) 4-50 
Gingivitis (med.) 5—247 , 
Ginkgo (bot.) 3-471; 4-66, 169; 
illus. 4-169 
fossils 4-485 
GIRAFFE (zool.) 5-124-25 
Gisborne, Frederick, N. (Can. 
inv.) 6-167 


Giza, G: > at Pyramid of see 
Great Pyramid of Giza 
Glacia’ »nticyclone (meteorol.) 
3-196 
Glaciai Seposits (geol.) 2-287 
Glacia! »«riods see Ice ages 
GLACIE“ 2-190-202; illus. 
dus! storm 2-431 
gla stream, illus. 2-184 
is! formation of 2-215 
oc floors 2-261, 262 
ree mation 2-268 
se res 2-211 
wā Is 2-421 
Glacie onal Park, Mont., 
i -187, 477 
Glacio! 2-9 
Glass 
arr jus solid 3-18 
bui | material 6-24 
hee duction 3-208 
ins n 6-26 
Glass s (zool.) 4-341 
Glass s e (zool.) 4-200 
Glaube: ult 2-51 
Glaze (; rol.) 2-166 
Glazkov (Sov. cosmonaut) 
1 
Glenn, J H., Jr. (Amer. 
a 1-277 
Glider ( 6-106 
ear iels 6-103 
Lilie l flight, illus. 6-104 
Glioma ) 5-473 
Global / pheric Research 
Py am 2-124 
Global + »ntal Sounding 
Ta ique (meteorol.) 
2 
Globige; biol.) 4-195, 196 
Globige: 4 ooze (marine de- 
pe 2-229; illus. 2-228 
distr ion in ocean, map 
2- 
Globular = uster (astron.) 
1-190, 212; illus. 1-187 
variabie stars 1-198 


Gloeocapsa (bot.) 4-33 
Glomar Challenger (ship) 
2-278; illus. 2-272 
Glossy ibis (bird) 4-425 
Glow lamp (electron.) 6-142 
Glowworm (insect) 4-282 
Caves 2-103 
Gloxinia (bot ) 4-155; illus. 
4-158 
Glucose (sugar) 3-391, 392; 
5-380 
cell 3-385 
Krebs citric acid cycle, 
illus. 3-429 
photosynthesis 4-3, 87 
plant respiration 4-75 


Glue 
drug abuse 5—435 
Gluon (phys.) 3-324; illus. 
3-320 
Glutton see Wolverine 
Glycerol (Glycerin) (alcohol) fat 
3-384 
Glycogen (biochem.) 3-385 
5-189, 393 
Gnawing mammals (zoo!.) 
5-36 
Gneiss (rock) 2-18, 51; illus. 
2-47 
mountains 2-84 
Gnetale (bot.) 4-67 
Gnu (zool.) 5-130 
Goat (zool.), illus. 5-5, 9 
Goatsucker (bird) 4-404 
Gobi Desert, Asia 2-93; i//us. 
2-87 
Goddard, Robert H. (Amer. 
rocket pioneer) 1-247, 
248 
Going-to-the-Sun Mountain, 
Glacier National park, 
Mont., illus. 2-477 
Gold (elem.) 3-38 
amalgamation process 
6-33 
Cellini gold saltcellar, illus. 
3-76 
crystal structure 3-121; 
illus. 3-120 
electroplating 3-147 
malleability 3-77 
production from gold oxide 
3-85 
Gold, Thomas (Amer. astron.) 
1-238 
Golden eagle (bird) 4-386 
Golden mole (zool.) 5-32 
Golden plover (bird) 4-464; 
illus. 4-417 
Golden star cactus (bot.), illus. 
4-150 
Goldfinch (bird), illus. 4-439 
Golgi apparatus (biol.) 3-388; 
illus. 5-158 
Gomphotherium (paleon.) 
5-111 
Gonad (anat.) 5-316 
Gondola car 6-90 
Gondwana (supercontinent), 
map 2-20 
Goodricke, John (Eng. astron.) 
1-193 
Googol (math.) 1-359 
Googolplex (math.) 1-359 
Goose (bird) 4-420; illus. 
4-412 
Goose barnacle (zool.) 4-237 
Goose pimples 5-173 
Gopher (zool.) 5-38 
Gopher snake (zool.) 4-354 


Gorbatko, Viktor V. (Sov. cos- 
monaut) 1-278, 279 
Gordon, Richard F., Jr. (Amer. 
astro.) 1-277, 278, 282 
Gorilla (zool.) 5-140; illus. 
2-486; 5-138 
Gorner Glacier, Switz., illus. 
2-285 
Gout (disease) 5-457 
Government 
use of microfilm 6-259 
Governor (mech.) 
Watt's centrifugal governor 
6-367 
Graafian follicle (anat.) 5-317, 
319; illus. 5-318 
Grackle (bird) 4-442 
Graded coal 2-331 
Graf Zeppelin (airship) 6-102; 


illus. 6-102 

Graham, Thomas (Scot. chem.) 
3-107 

Grain (bot.) 4-115 

Grain dust 

spontaneous combustion 

3-65 

Gram, Hans C. J. (Dan. phy.) 
5-481 


Gramophone 6-214 
Gram-positive bacterium 
5-481 
Grand Bank, Newf., Can. 2-261 
Grand Canyon, Ariz. 2-76, 417, 
418; illus, 2-279, 417 
Granite (rock) 1-310; 2-14, 50; 
illus. 2-12 
decomposition by water 
2-162 
mountains 2-84 
Grape (bot.) 
downy mildew 4-46 
Graph, i//us. 1-408 fol. 
algebra 1-355; illus. 1-356 
analytic geometry 1-394 fol. 
statistics 1-407, 408 
Graphic tablet (computer sci.) 
6-150 
Graphite (min.) 1-337; 2-38; 
3-26, 80, 119; illus. 3-18, 
27,81, 119 
diamonds 3-217 
nuclear reactors 2-365 
powdered graphite, photo- 
micrograph of, illus. 
3-107 
Graptolite (paleon.) 4-480 
Grass (bot.), illus. 2-267 
fossils 4—487 
Grasshopper (insect) 4-260; 
illus. 4-261 
migratory locusts 4-474 
Gravel (geol.) 2-15; 4-12; illus. 
4-14 
ground water 2-170 
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439 


440 


Gravel-packed well 2-437: 
illus, 2-437 
Gravimeter (Gravity meter) (in- 
stru.) 2-273, 339 
Gravimetric surveying 
(oceanog,) 2-273 
GRAVITATION (phys.) 
3-164-71 
air circulation 2-126 
comets, orbits of 1-152 
elementary particles 3-319 
molecular attraction 3-14 
Newton's studies 3-162, 
163 
relativity theory 3-358 
satellites of planets 1-134, 
135 
solar system 1-88, 89 
space flight 1-255 
tides 2-241 
universe, life cycle of the 
1-245 
Gravitational collapse (astron.) 
1- 
black holes 1-241, 243 
Graviton (phys.) 3-314, 319 
Gravity (phys.) 3-166 fol. 
acceleration 3-174 
earth 1-98 
moon 1-115 
oceanographic studies 
2-273 
space flights’ effects on as- 
tronauts 1-273, 274 
sun 1-66 
Gravity concentration (metal.) 
6-31; illus. 6-31 
Gravure (printing) 6-229, 236; 
illus, 6-237 
Gray, Stephen (Eng. sci.) 3-226 
Gray fox (zool,) 5-76; illus. 
5-75, 76 
Graylag (bird) 4-421 
Gray matter (anat.) 
brain 5-266 
Spinal column 5-270 
Gray tree trog (zool.), illus. 
4-328 


Gray whale (z00l.) 5-58 
Gray wolf (zool) 5-71; illus. 
5-71 
Grease (lubricant) 
petroleum 2-318 
Greasewood (bot.) 2-178 
American Desert 2-93 
Great Barrier Reet, Austr. 
2-214, 222, 262 
Great Bear (constellation) see 
Ursa Major 
Great circle (geom.) 1-384, 385 
non-Euclidean geometry 
1-402 
Great Cluster in Hercules (star 
cluster) 1-188 
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Great Divide, N. Amer. 2-181 

Greater Dog (constellation) see 
Canis Major 

Greater flamingo (bird) 4-425 

Great Falls, Yellowstone River, 
Wyo, 2-421 

Great grey owl (bird) 4-390 

Great-horned owl (bird) 4-389, 
390 


Great Lakes, U.S. 2-199 
Great Meteor Crater, Ariz., 
illus, 1-162 
Great Nebula (galaxy) 1-34; 
illus. 1-182 
Great nebula in Orion (astron.) 
interstellar space 1-200, 
203; illus. 1-202 
Great Plains, area, U.S. 
dust storms 2-430 
sand dunes 2-429 
Great Pyramid of Giza, Egypt 
6-11; illus. 1-366 
Great Red Spot (feature of 
Jupiter) 1-126; illus. 
1-123, 126 
Great Salt Lake Desert, Utah 
2-93 
Great Sandy Desert, Austr. 
2-93 
Great Spiral in Andromeda 
(galaxy) 1-217, 221; illus. 
1-215 
interstellar space 1-204 
spectrogram 1-219 
supernova 1-195 
Great white shark (fish) 4-321; 
illus. 4-320 
Grebe (bird) 4-412, 414; illus. 
4-414 
Grechko, Georgi (Sov. cosmo- 
naut) 1-279 
Greek alphabet 1-27 
Greek science and invention 
aeolipile 6-57 
algebra 1-353 
Archimedes 1-346; 3-185 
astronomy 1-80 
atomic theory 2-358; 
3-310 
classification of animals 
and plants 3-513 
eclipse 1-147 
engineering 6-11 
exploration 2-224 
humors, theory of 5-290 
magnetism 3-237 
marine biology 2-225 
matter, theories of 3—46 
moon 1-295 
numerals 1-340; illus. 
1-342 
observatories 1-51 


plane geometry 1-367, 368, 


371, 377 


Greek science and invention 
(cont.) 
planetariums 1-54 
trigonometry 1 
universe, theorie 
weather fore 
Green algae see í 
Green frog (z00! } i 
Greenhouse effect 53 
air pollution 2 
Venus 1-95 
Greenland 
continental drift 19 
ice sheet 2~1 lus 
2-195 
Greenland right w see 
Bowhead w 
Greenland shark 4-323 
Green mold (bo!) 4 illus, 
4-44 
Green Mountain í 
(geol.) 4 
Green snake (200! ) 4-353 
Greenstick fracture imed.) 
5-186 
Green turtle (zo 59 
Greenwich meric (geog.) 
1-19 
Gregorian calenda 71 
Gregory XIII (pope) < “endar 
1-171 
Greylag (goose) « 
Gribble (z00}.) 4—7 
Grid (electron,) 6 
Grief (emotion) 5 
Griffith, A. A. (Bri 
Grinding (metal) 6 
6-30 
Grinnell Lake, Glacier National 
Park, Mont., illus. 2-187 
Grippe See Influenza 
Grison (zoo!) 5-86 
Grissom, Virgil |. (Amer. astro.) 
1-277 
Grizzly (metal.) 6-30: ///us 
6-30 
Grizzly bear (z00l.) 5-81) illus 
5-77 
Gros Ventre Valley, Wyo 
landslide 2-164 
Ground beetle (insect) 4-280; 
illus. 4-278 
Ground control (aero.) 6-111 
Ground-controlled approach 
(aero.) 6-198 
Groundhog see Woodchuck 
Ground line 2-393 
GROUND WATER (geo!.) 
2-168-79 
coal mines 2-329 
energy systems’ wastes 
2-302 
purification 2-446 
wells 2-436 


rbance 


jraylag 


)6-119 
1; Mus. 


Group dynamics (psych.) 


416 


Grouse (bird) 4-391; 394; illus. 
4-395 
co hip 4-457 
Growth (biol.) 3-375 
hair 5-173 
human growth and devel- 
int 5-346 
insect 4-255 
plant 4-4, 63, 76 
GROW Human (biol.) 
5-346-56 
Growt! rmone (biochem.) 
plants 4-78 
re inant DNA 3-506 
Growth piate (anat.) 5-175 
Grub (« ) 4-278 
Gruifors rnith.) 4-412 
Grunior h) 
bre } 3-442; illus. 
Grysbok ol.) 5-131 
Guacha > Oilbird 
Guanaco 200l.) 5-115 
Guanine chem.) 3-497 fol. 
Guano | əment) caves 
2 
Guard c: ot.) 4-88, 100 
Gubarev, Aleksei (Sov. cosmo- 
né 279 
Guema! 1.) 5-122 
Guenon (200!) 5-140 
Guereze (200!) 5-138 
Guericke, Otto von (Ger. phys.) 
3 
Guerin, Pierre (Fr. astron.) 
1 
Guernsey, Chan. Isls. 
water desalting plant 
2- 
GUIDANCE IN SPACE 
1—254--60, 262 
rockets 1-248 
Guided-missile control 
radar 6-197 
Guillain-Barre syndrome 


(med.) 5-452 
Guilt (emotion) 5-306 
Guineafow! (bird), illus. 4-395 
Guinea worm (zool.) 4-215 
Guitarfish 4--325 
Gulf Stream (ocean current) 
2-254, 256, 258, 259; 
illus. 2-255, 257 
Gull (bird) 4-414; illus. 4-413 
Gully (geol.) 2-416 
Gum (anat.) 
diseases 5-247 
unn, James (Amer. astron.) 
1-238 
Gunpowder 3-95 
Middle Ages, use in 6-11 
rocket fuel 1-247 


Gurdon, John B. (Brit. biol.) 
3-509 

Gutenberg, Johann (Ger 
printer) 6-228 

Guyot (seamount) 2-266 

Gymnarchus niloticus (fish) 
3-452 

Gymnosperm (bot.) 4-63; illus. 
4-63 


Gymnura (zool.) 5-30 
Gypsum (min.) 2-17, 39, 51 
caves 2-98, 100 
conversion from anhydrite 
2-162 
desert 2-286 
Gypsy moth (insect) 4-291 
Gyratory crusher (mach.) 6-30; 
illus. 6-30 
Gyre (ocean current) 2-257, 
258 


Gyrinidae (entom.) 4-279 
Gyro artificial horizon (instru.) 
6-114 
Gyrocompass (instru.) 3-245 
aircraft 6-114 
Gyroscope, illus. 1-259 
space guidance 1-258, 259 
Gyrus (anat.) 5-266 


H 


Haber, Fritz (Ger. chem.) 3-67 

Haber process (chem.) 3-73; 
illus. 3-67 

Habitat (ecology) 3-489 fol. 

Hackberry (tree) 4-170 

Hadron (phys.) 3-313, 319 

Hafnium (elem.) 3-39 

Hafstad, L. R. (Amer. phys.) 
6-358 

Hahn, Otto (Ger. phys.) 2-360 

Hahnium (elem.) 3-45 

Hailstone (meterol.) 2-166, 
138; illus. 2-166 

Hair, Human 5-172 

photomicrograph, illus. 

6-313 

Hair follicle (anat.) 5-172 fol.; 
illus. 5-169 

Hair hygrometer (instru.) 
2-118; illus. 2-116 

Haise, Fred W., Jr. (Amer. as- 
tro.) 1-278 

Hale, Everett Edward (Amer. 
cler., writ.) 1-286 

Haleakala, volc., Haw. 2-63 

Hale Observatory, Calif. 1-44, 
47; illus. 1-36 

Half-circuit (telephone channel) 
1-271 

Half-life (phys.) 3-59, 326; 
6-351; graph 3-329 

radioactive dating 2-284 


Half-tone (printing) 6-232 
Halide (chem.) 
minerals 2-40 
Hall, Asaph (Amer. astron.) 
Saturn 1-130 
Hall, Charles M. (Amer. sci.) 
6-38 
Halley, Edmund (Eng. astron.) 
1-8, 152; 3-162 
Halley's comet 1-151, 152, 154, 
156; illus. 1-152 
orbit, illus. 1-151 
Hall-Héroult process (metal.) 
6-39; illus. 6-39 
Hallucination (psych.,) 
sleep loss 5-401 
Hallucinogen (drug) 5-433, 435 
Hallwachs, Wilhelm (Ger. 
phys.) 6-158 
Hallwachs effect 6-159 
Halo (atmospheric effect) 


3-297 

Hammer (anat.) 3-265; 5-283; 
illus. 3-265 

Hammerhead (insect larva) 
4-282 

Hammerhead shark (fish) 


4-323; illus. 4-320 
Hamster (zool,) 5-41 
albino, illus. 3-426 
Hand (anat.) 
bones 5-183; illus. 5-183 
skin, illus. 5-170 
X-ray photograph, illus. 
6-342 
Hand lens (instru.) 6-301, 303 
Hand-set type (printing) 6-229 
Hanging valley (geol.) 2-195 
Hardboard 6-15, 19 
building material 6-2 
Hardening (metal.) 
steel 6-55 
Hardness (phys.) 3-28 
minerals 2-41, 43 
Hardness, Scale of see Mohs’ 
hardness scale 
Hard palate (anat.) 5-177 
Hardware (computer) 1-470 
Hard water 
treatment 2-446 
Hardwood (bot.) 6-14 
fossils 4-487 
Hard X ray 6-345 
Hardy, Dr. James D. (Amer. 
surg.) 5-468 
HARE (zool.) 5-33-35 
Harelip (anat.) 5-326 
Harmattan (wind) 2-133 
Harmonic telegraph 6-168 
Harmony (mus.) 3-275 
Harpy (bird), illus. 4-388 
Hartebeest (zool.) 5-130 
Harter, Noble (Amer. psych.) 
5-410 
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442 


Hartsfield, Henry W., Jr. (Amer. 
astro.) 1-279 
Harvard Observatory, Mass. 
1-44, 51 
comets 1-154 
Harvester ant (insect), illus. 
4-267 


Harvestman (zool.) 4—248; illus. 


4-248 
Harvest mite (insect) 4-249 
Hashish (drug) 5-433 
Hate (emotion) 5-307 
Hauck, Frederick H. (Amer. 
astro.) 1-279 
Haversian canal (anat.) 
5-176 
Haw (tree) 
fruit, illus. 4-165 
Hawaiian honeycreeper (bird), 
illus. 4-437 
Hawaiian Islands, Pac.O. 2-26, 
218; illus. 2—22, 219 
volcanoes 2-62 
Hawk (bird) 4-386 
beak 3-477 
Hawk moth (insect) 4-294 
Hawthorne (bot.) illus. 4-125 
HA W-27 (genetic marker) 
5-458 
Hayden Planetarium, N.Y. 
1-54, 55 
Hay fever (med.) 5-445 
Haystack hill (geol.) 2-198 
Haze (meteorol.) 2-146 
Head (anat.) 
human embryo, develop- 
ment in 5-326 
insect 4—251 
Head saw (mach.) 6-18 
HEALTH 5-364-66 
aging 5-359 
alcoholism 5-425 
allergies 5-444 
exercise and rest 5-389 
insects’ effect on human 
health 4-257 
proteins and fiber 5-384 
smoking 5-438 
See also Industrial health 
HEAO program see High 
Energy Astronomy 
Observatory program 
Heard sound 3-257 
Hearing 
defects 3-268 
ear 5-281 
sound 3-256 
Hearing aid 3-268 
Heart (anat.) 5-161, 207 fol.; 
illus. 5-187, 207 
aging 5-360 
artificial see Artificial 
heart 
booster pump, illus. 5-468 
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Heart (cont.) 
enlarged heart due to thia- 
mine deficiency, illus. 
5-370 
human embryo, develop- 
ment in 5-320 
muscle contraction 3-449 
transplant 5-465; illus. 
5-464, 466 
Heart disease (med.) 5-381 
Heart failure (med.) 5-216 
Heartwood (bot.) 4-96 
Heart worm (zool.) 4-215 
HEAT 3-186-207, 7 
chemical reactions 3-64 
fol. 
geothermal energy 2-354 
lizards’ dependency on 
4-339 
molecular motion 3-12 
radioisotopes 3-326, 329 
sound energy transformed 
into 3-265 
transmission 3—208 
Heat capacity 3-335 
Heat conduction see Conduc- 
tion of heat 
Heat engine, Rankine-cycle, 
illus., 2-348 
Heat equator 2-229 
Heath hen (bird) 4-395 
Heating systems 
electric heating 2-396 
geothermal hot-water heat 
2-355 


hot-air heating 3-213; illus. 


3-214 
hot-water heating 3-212 
radioisotope decay 3-329 
solar-heating 3-215 
Heat lightning (meterol.) 2-141 
Heat of combustion 3-203 
Heat of fusion 3-206 
water 3-90 
Heat of vaporization 3-207 
water 3-89 
Heat therapy (med.) 2-397 
HEAT TRANSMISSION 
3-208-15 
Heat treatment (metal.) 
steel 6-55 
Heavier-than-air flight see Air- 
plane; Glider 
Heaviside, Oliver (Brit. phys.) 
6-193 
Heavy water (chem.) 3-91 
nuclear reactors 2-365 
Hebrew numerals, illus. 1-342 
Hedgehog (zool.) 5-29; illus. 
5-25, 30 
Hefner, Lake, Okla. 2~436 
Heinkel 178 (jet plane) 6-121 
Heisenberg, Werner (Ger. 
phys.) 3-340; illus. 3-331 


Heisenberg unc sinty princi- 
ple see Ur iinty prin- 
ciple 

Helicopter (aer 106; illus. 
6-107, 10 

Helictite (cave on) 2-99 

Heliocentric sy astron.) 
see Cope system 

Helios (space { 1-265; 
illus. 1—2 

Heliozoan (bio! 5 

Helium (elemen 

atomic nur 359; 
3-50 

atomic str a 3-49; 
illus. 3—4! 

balloons ar ips 
6-103 

electron arr vent 
3-53; illu 3 

Jupiter 1-1 

liquid 6-32 

Mercury (pia 1-93 

proportion and stars 
1-16 

stars 1-187 

sun 1-70, 7 

Helium-neon las 38 

Helix (DNA chai 17 fol. 

Hellbender (zoo! 30, 331 

longevity 4 

Hell Gate, N.Y ¢ 

tidal current 

Helmholtz, Herm: on (Ger. 
phys.) 1- 08 

Helmont, Jan Ba avan 
(Flem. sci.) 

Hematite (min.) & 

Hematocrit readir »hysiol.) 
5-200 

Hemichordate 4- ‘89, 297 

Hemigale (zoo|.) 5 

Hemispseudosphe'e ( geom.) 

non-Euclidean geometry 


1-401, 402 
Hemisphere (geom.) 
non-Euclidean geometry 


1-401, 402 

Hemlock (tree) 4-168; illus. 
4-166 

Hemoglobin (biochem.) 5-199 
fol., 209 


anemia 5-202 
mammals’ adaptation to 
high altitude 5-7 
Hemolytic anemia (med.) 
5-203 
Hemophilia (med.) 5-204, 341 
Hemorrhage see Bleeding 
Hemp (bot.) 4-124 
Henson, William S. (Eng. eng-) 
6-104 
Heparin (chem.) 5-201 
Heraclides (Gr. thinker) 1-4 


Herbaceous stem (bot.) 4-92 
Herbicide chem.) 
polli 2-466, 492 
Herbivore 90l.) 3—487; 5-9, 
11 
came id llamas 5-114 
foss 
mars l 
Hercules istellation) 1-33 
Heredity Evolution; Gene; 
Ge engineering; Ge- 
ne Heredity, Human 
HERED!? iman (biol.) 
5 t5, 328, 346 
aller 444 
pers: y 5-297 
Hermap! e (biol.) 5-325 
Hermes id) 1-160, 164 
Hermit cr 301.) 4-235, 456; 
it 235, 455 
spone 200 
Herodoti hist.) 2-304 
Heroin (d -432 
laws 7 
Heron (bi 423; illus. 4-423 
beak 5 
Hero of A! ndria (Gr. math, 
ph 
aeolip 3-57 
Heroult, F .ouis-Toussaint 
(F 6-39 
Herpes si x virus, i//us. 
3-4 
Herpetolc si.) see Amphib- 
iar tile 
Herring (í 455 
Herring g ird), illus. 4-413 
Hersche! John (Eng. as- 
tron 9 
Gener atalogue 1-217 
Herschel, William (Ger.- 
Eng ron.) 1-8, 9; 
3- illus, 1-138 
galaxies 1-215 
Saturn 1-129, 130 


star survey 1-209 
Surveys of the northern 
skies 1-217 
Uranus 1-137 
variable stars 1-197 
Hertz, Heinrich (Ger. sci.) 
3-251 
tadio waves 6-193 
Hertzian waves see Radio 
waves 
Herzsprung-Russell diagram, 
illus. 1-181 
Hesperornis (paleon.) 4-367, 
486 


Hess, Harry (Amer. geol.) 2-22 

Hess, Victor F. (Aus. phys.) 
1-224 

Heterogeneous catalytic sys- 
tem 3-71 


Heterograft (med.) 5-461, 469 
Heteroteuthis (zool.) 3-437 
Heterotrophic bacteria (biol.) 
4-24 
Hexadecimal numeral system 
(math.) 1-467 
Hexagonal system (Crystal sys- 
tem) 3-123; illus. 3-122 
Hexoctinellida (zool.) 4-200 
Hey, J.S. (Eng. astron.) 1-62 
Hibernation (zool.) 5—6, 402 
amphibians 4-336 
bears 5-79, 81 
marmoset, illus. 3-481 
snakes 4-348 
Hickory (tree) 4-172 
fruit, illus. 4-165 
Hidalgo (asteroid) 1-160 
Hide beetle (insect) 4-281 
Hierarchy (zool.) 3-492 
Hieroglyphic system (writing) 
1-339; illus. 1-340, 341 
High Energy Astronomy 
Observatory (HEAO) 
program 1-175 
High-speed train, i/ius. 6-89, 90 
High-velocity star (astron.) 
1-184 
High-water interval (tides) 
k 2-244 
Highways 
urban mass transportation 
6-94 
Hill (geol.) 
caves, formation of 2-98 
Hill, Archibald V. (Brit. physiol.) 
5-392, 394 
Hill, Robert (Eng. chem.) 4-85 
Himalayan black bear (zool.) 
5-83 
Himalayas, mts., Asia 2-25, 84, 
90, 157 
Hind (zool.) 5-119 
Hindenburg (airship) 6-102; 
illus. 6-103 
Hindgut (embryol.) 5-323 
Hindu-Arabic numeral system 
1-341, 446; illus. 1-344 
Hindu Kush Mountains, Asia 
2-84 
Hip (anat.) 
bones 5-184 
Hipparchus (Gr. astron.) 1-51, 
386 
Hippocrates (Gr. phy.) 
theory of humors 5-290 
Hippopotamus (zool.) 5-113; 
illus. 3-475; 5-11 
Hirudin (biochem.) 4-230 
Histosol (soil) 4-18 
Hoarfrost see Frost 
Hobbies 
mineral collecting 2-47 
rock collecting 2-50 


Hodgkin, Dorothy (Brit. chem.) 
5-374 
Hodgkin's disease (med.) 
5-473 
Hogback (mt. formation.) illus. 
2-82 
Hogfish (zool.), illus. 2-230 
Hognose snake (zool.) 3-480; 
4-353, 354; illus. 4-456 
Holly (tree) 4-174 
Holmes, T. H. (Amer. sci.), illus. 
5-418 
Holmium (elem.) 3-39 
HOLOGRAPHY (phot.) 
6—333-35 
Homeotherm (zool.) 5—51 
dinosaurs 4—486 
Homestead Act (U.S.) 2-477 
Homing pigeon (bird) 4—399 
Homogeneous catalytic sys- 
tem 3-71 
Homograft (med.) 5—461 
Homo sapiens see Human spe- 
cies 
Honey 4-271 
Honey badger see Rate! 
Honeybee (insect) 4—271 fol. 
time-training 3-440 
Honeycreeper (bird), illus. 
4-437 
Honeydew (aphid secretion) 
4-269 
Honey-locust (tree) 4-173 
Honey mouse (Honey possum) 
(zool.) 5-22 
Hooke, Robert (Eng. sci.) 
cell studies 3-382; illus. 
3-384 
Hooker cell (chem. indus.), 
illus. 6-265 
Hooke’s Law (phys.) 3-27 
Hookworm (zool.) 4-213 
Hop hornbeam (tree) 4-170 
Hopkins, Sir Frederick Grow- 
land (Brit. nutritionist) 
5-368 
Hoppe, Peter (Amer. biol.) 
3-510 
Hopper car (railroad) 6-90 
Horizon (astron.) 1-20 
Horizon (soil) 4—12; illus. 4-13 
Horizon sensor (guidance; sys- 
tem element) 1-260 
Hormone (biochem.) 3-385 
cancer 5-474 
human 5-153 
plants 4-78, 82 
Horn (geol.) 2-194 
Horn (zool.) 
antelope 5-126 
Hornbeam (tree) 4-170 
Hornbill (bird) 3-483; 4-410 
Hornblende (min.) 2-13, 14 
Horned liverwort see Hornwort 


INDEX 


443 


444 


Horned lizard (Horned toad) 
(zool.) 4-345 
Hornet (insect) 4-275 
Hornwort (bot.) 4-57, 138 
Horse (zool.), illus. 5-3, 9 
evolution 3-470; 4-488; 
illus. 3-471 
Horsecar 6-93 
Horse chestnut (tree) 4-172; 
illus. 4-174 
bud, illus. 4-164 
leaf arrangement 4-134 
Horsefly (insect) 4-265 
Horsehead Nebula (astron.), il- 
lus. 1-182 
Horse latitude (meteorol.) 
2-114, 131 
Horseshoe crab see King crab 
Horseshoe magnet 3-239; 
illus. 3-238 
Horsetail (bot.) 4-60, 58; 3-471 
fossils 4-484 
Hospital 
automation 6-367 
Hot-air heating system 3-213 
Hot-metal printing processes 
6-229 
Hot spot (geol,) 2-26, 27 
Hot spring see Thermal spring 
Hot sulfur vent, Lake Myvatn, 
Ice., illus. 2-66 
Hot-water heating system 
3-89, 212; illus. 3-212 
Hot wire anemometer (instru.), 


illus. 2-117 
Hour circle (astron.) 1-20; illus. 
1-19 
House 
insulation 3-209; illus. 
3-209 


Housefly (insect) 4-264 
Household appliances 2-383, 
397 
energy consumption 2-295 
gas 2-343 
HOUSEPLANT (bot.) 4-154-61 
cactus 4-153 
Hovercraft, illus. 6-137 
Howard, Luke (Eng. chem.) 
2-118, 154 
Howler monkey (zool.) 5-136 
Hoyle, Fred (Brit. astron.) 1-15 
quasars 1-239 
Hubble, Edwin (Amer. astron.) 
1-14, 236 
galaxies 1-10, 216, 218, 
222 
Hue (color) 3-307 
Huggins, William (Brit. astron.) 
1-9 


galaxies 1-215 
Hulsmeyer, Christian (Ger. 
phys.) 6-193 
Human factors (psych.) 5-416 


INDEX 


Human relations (psych.) 
5-416 
HUMAN SPECIES 5-148-57 
cloning 3-511 
evolution 3-473 
See also Anatomy, Human; 
Body, Human; Heredity, 
Human; Psychology 
Humason, Milton L. (Amer. as- 
tron.) 1-222 


Humboldt, Alexander von (Ger. 


sci.) 1-215 
Humboldt Current see Peru 
Current 
Humerus (anat.) 5-182; illus. 
HUMMINGBIRD 4-406-08, 
465; illus. 3-477 
Hummingbird moth (insect) 
4-294 


Humpback whale (zool.) 4-468; 


5-57 
Humus (agr.) 4-12 
Hunger (physiol.) 5-238 
Hunting 
endangered species 2—490 


Hurricane (wind system) 2-136; 


illus. 2-136 
floods 2-205 
ocean waves 2-234 
SMS photograph, illus. 
2-120 
Huxley, Thomas (Eng. sci.) 
3-415, 457 
Huygens, Christian (Du. phys.) 
3-248, 337 
gunpowder engine 6-63 
Saturn 1-133 
Hyacinth (bot.) 
bulb, illus. 4-95 
Hyades (astron.) 1-35, 188 
Hyatt, John Wesley (Amer. 
print.) 6-274 
Hybrid (biol.) 5-338; 3-462, 
469; illus. 5-339 
Hybrid rocket 1-251 
Hydra (constellation) 1-33 
galaxies 1-222 
Hydra (zool.) 4-202; illus. 
6-322 
Hydrate (chem.) 3-90 
Hydrated calcium sulfate see 
Gypsum 
Hydraulic brake (mech.) 3-187 
Hydraulic gradient (eng.) 
2-438 
Hydraulic mining 2-328 


Hydraulic press (mach.) 3-187; 


illus. 3-187 
Hydraulic system 
aircraft 6-113 
Hydrocarbon (chem.) 
air pollution 2-468 
natural gas 2-340 
petroleum 2-307 


Hydrochloric acid (chem.) 


gastric juice 5-383 
mineral ider ation 2-48 
use 3-98 
water solt 94 
Hydrocortison 1g) 
allergies 5 
Hydroelectric power 2-386, 
390 
energy, 2 J] 
power plar 5. 2-298 
power stat lus. 2-388 
solar ene 7 
tides 2-2 
Hydrofluoric acid (chem.) 
use 3-9£ 
HYDROFOIL 6 36 
Hydrogen (e! 39, 48, 49, 
53, 340 2-359; 
3-49 
atmospher 38; 2-112 
atomic nu 3—50 
atomic weight 3-50 
balloon í 5-100 
comets 1 
electrolys 47, 148 
electron ort gions of 
atom anc ecule, illus. 
3-340 
fuel cells of spacecraft 
2-303 
367; illus. 
interstellar sp2ce 1-202 fol. 
isotopes 3-59 
Jupiter 1-12: 
liquefied 6-3 
nuclear fu 372 


planetary 
1-318, 319 
radio waves 1-64 
respiration 3-391 
rocket fuel 1-249, 251 
stars 1-187 
storm 2-358 
sun 1-70, 74, 76, 78 
Hydrogenation (chem.) 3-73; 
5-381 
petroleum 2-317 
waste conversion 2-376 
Hydrogen bomb 3-362 
Hydrogen bond (chem.) water 
3-87 
Hydrogen chloride see Hydro- 
chloric acid 
Hydrogen cyanide (chem.) 
1-136 
Hydrogen ion (chem.) 
acids 3-94 
Hydrogen sulfide (chem.) 
6-267 
Jupiter 1-125 


Hydroid (z00.) 4—201; illus. 


4-201 

Hydrologic cycle see Water 
cycle 

Hydrology 2-9 

Hydronium ion (chem.) 3-94 
ol., 147 

Hydrophilidae (entom.) 
3-280 


Hydrophone (instru.) 2-260 
Hydrophyte (bot.) 4-138 
Hydro-ski aircraft 6-104 
Hydrosphere (part of the earth) 
99; 2-7 
Hydrotropism (bot.) 4-80 
Hydroxyl ion (chem.) 3-90, 95, 
17, 148, 446 
Hyena (zool.) 5-96; illus. 
5-95 
Hyena dog see Cape hunting 
g 
Hyg eter (instru.) 2-118; 


s. 2-116 
Hygrescopic mechanism (bot.) 
4-120 
Hym iat.) 5-317 
Hyoid bone (anat.) 5-178 
Hyperbola (geom.) 1-379; illus. 
7 
Hypergolic propellant (fuel) 
49 
Hyperion (astron,) 1-136 
Hyperon (phys.) 3-51, 314, 
Hype a see Farsightedness 
Hype ne (math.) 1-400 


Hypersphere (math.) 1-400 

Hypertension (med.) 5-215, 
218 

phy (med.) 5-216 

itilation (physiol.) 


Hypha (bot.) 4-43 
Hypnagogic stage (physiol.) 
5-399 
Hypnosis (psych.) 5-402 
learning 5-315 
Hypo see Sodium thiosulfate 
Hypochlorous acid (chem.) 
water purification 2-445 
Hypophysis (med.) 5-473 
Hyposensitization (med.) 
5-450 
Hypotension (med.) 5-215 
Hypothalamus (anat.), illus. 
5-398 
narcolepsy 5-403 
sleep 5-397, 401 
Hypothesis, Scientific 3-408 
psychological research 
5-405 
Hyracoidea (zool.) 5-15 


Hyrax (zool.) 5-111; illus. 5-15, 


111 


lapetus (astron.) 1-136 
Ibis (bird) 4-425; illus. 4-425 
IC See Integrated circuit 
Icarus (asteroid) 1-160 
Ice 3-88 
glaciers 2-190 
heat of fusion 2-206 
melting point 3-19 
sublimation 3-19 
Ice ages (geol.) 2-290 
fossils 4-488, 489 
sea level 2-193 
temperature through geo- 
logical time, graph 2-289 
Iceberg 2—202; illus. 2-200, 201 
Ice cap see Ice sheet 
Iceland spar (min.) 
plane-polarized light 3-121 
Ice sheet (geol.) 2-196, 192 
Ice storm (meterol.) 2-166 
Ichneumon (insect) 4-276 
Ichthyornis (paleon.) 4-367, 
486 
Ichthyosaur (paleon.) 4-484, 
486 
Ichthyostega (paleon.) 4-328, 
482 


Iconoscope (TV) 6-202 
Icy conglomerate theory (as- 
tron.) 1-151 
Ideal-gas laws (phys.) 3-13, 
205 
Boyle's law, illus. 3-13 
Ideational learning (psych.) 
5-411 
Identical twins (biol.) 5-318, 
334; illus. 5-334 
Identity (algebra) 1-358 
Ides (Rom. dates) 1-170 
Ifkakh (zool.), illus. 4-337 
Igneous rock (geol.) 2-10, 6, 50 
earth 1-100 
mid-oceanic ridge 2-275 
moon 1-309 
mountains 2-85 
Ignition system 
automobile 6-79; illus. 
6-79 
Ignitron (electron.) 6-142; illus. 
6-142 
Iguana (zool.) 4-339, 344; illus. 
3-438; 4-339; 6-335 
Ikeya-Seki, Comet (astron.) 
1-156; illus. 1-155 
Illeocaecal valve (anat.) 5-237 
Ileum (anat.) 5-235 
Iliac artery (anat.) 5-209 
Ilium (anat.) 5-184 
Illusion (psych.) 5-409; illus. 
5-408, 409 
Ilmenite (min.), illus. 1-309 
moon 1-310, 311 


Image, Mental (psych.) 5-405 
Image, Visual (psych.) 5-405 
Image orthicon (TV) 6-203; 
illus. 6-202 
Imaginary number (math.) 
1-351 
Imago (entom.) 4-256 
Imbrium, Mare (moon feature) 
1-112, 313 
Immiscible solution (chem.) 
3-103 
Immune system (biochem.) 
arthritis 5—458, 459 
Immunity to disease 5-258 
vaccines 4-29 
viral diseases 3-396 
Immunogen (biochem.) 5-256 
Immunosuppressive drug 
organ transplants 5-461 
Impact radiation 
space flights 1-275 
Impact theory of lunar crater 
formation 1-306 
Impala (zool.) 5-131; illus. 
2-479; 3-480; 5-131 
Impatiens (bot.) illus. 4-107 
Imperfect flower (bot.) 4-105 
Imperfect fungus (bot.) 4-53 
Implantation (biol.) 5-319; illus. 
5-318 
Imposition (printing) 6-233 
Impression cylinder (printing) 
6-235; illus, 6-235 
Imprinting (psych.) 5-310 
Impulse turbine (mach.) 2-391; 
illus. 2-389 
Impulsivity-reflectivity (psych.) 
5-296 
Inca dove (bird) 4-398 
Incandescent lamp (elec.) 
2-396; 3-434 
Incandescent light 
spectrum, illus. 3-299 
Inceptisol (soil) 4-18 
Inchworm (entom.) 4-295 
Incident ray (optics) 3-282 
Incinerator 
waste disposal 2-498 
Incisor (tooth) 3-476; 5-245; 
illus. 5-245 
Inclination of the compass 
3-243 
Inclined orbit 1-256, 262; illus. 
1-257 
Inclined plane (mach.) 3-157; 
illus, 3-157 
Incomplete flower (bot.) 4-105 
Indehiscent fruit (bot.) 4-115, 
117 
Independent assortment 
(genetics) 5-340 
Indeterminate species (biol.) 
2-489 
Index number (statistics) 5-406 


INDEX 


445 


446 


Index of refraction (phys.) 
3-285; illus. 3-286 
fiberscope 6-293 
India 
Jaipur observatory, illus. 
1-53 
steelmaking 6-41 
wilderness preservation 
2-481 
Indian, American 
dancing, illus. 2-401 
dogs 3-468 
petroleum 2-306 
Indian cobra (snake) 4-355; 
illus. 4-356 
Indian fox (zool.) 5-76 
Indian Ocean 
currents 2-254, 256 fol. 
ocean deeps 2-266 
ridge 2-22, 266; map 2-19 
tides 2-244 
trench 2-264 
Indian rock python (snake) 
4-352 
Indian wolf (zool.) 5-71 
Indicator (chem.) pH indicator 
3-97 
Indigo snake (zool.) 4-353, 
354 


Indium (elem.) 3-39 
Indole-3-acetic acid (plant hor- 
mone) 4-78, 80 

Indri (zool.) 5-134 
Induction (elec.) 3-223 fol. 
Induction heating 2-396 
Inductor-coupler (radio) 6-183 
Industrial engineering 6-8 
Industrial health 

air pollution 2-469 
Industrial psychology 5-416 
Industrial waste 2-458, 502 


water pollution 2-456; illus. 


2-453, 455 
Industry 
automation 6-368 
catalysis 3-71 
chemical industry 6-261 
colloids 3-115 
energy consumption 2-296 
fiberscope 6-295 
lasers 6-339 
microfilming 6-258 
plastics industry 6-281 
radioisotopes 3-328 
ultrasonics 6-289 
X rays 6-349 
Inert gas see Noble gas 
Inertia (phys.) 3-178 
centrifugal force 3-179 
space flight 1-255 
Inertial-guidance system 
(space flight) 1-259, 262 
Infantile paralysis see Polio- 
myelitis 


INDEX 


Infection 
body defenses 5-254 
Infectious arthritis (disease) 
5-457 
Infectious disease see Disease 
and names of diseases 
Inferior conjunction (astron.) 
1-94, 96 
Inferior vena cava (anat.) 
5-208 
Infiltration gallery 2-437 
Inflammation (med.) 
arthritis 5-456 
Inflorescence (bot.) 4-109; 
illus. 4-106 
INFLUENZA (med.) 5—451—55 
Information storage and re- 
trieval see Data process- 
ing 
Infrared radiation 3-249; illus. 
3-249 
atmosphere 2-110 
heat lamps 3-254 
telescope 1-42 
Ingenhousz, Jan (Du.-Aus. 
phy.) 4-85 
Ingot, illus. 6-49 
Inhalant 5-445 
Injection molding (plastics in- 
dus.) 6-282; illus. 6-281 
Inkblot test (psych.) 5-293; 
illus. 5-293 
Ink sac (mollusk anat.) 3-480 
Input (computer sci.) 1-453, 
457, 464, 470; 6-146, 
148; illus. 1-471 
Inscribed angle (geom.) 1-375 
INSECT (zool.) 4-251-65 
adaptations 3-480 
ants, bees, and wasps 
4-266 
beetles 4-277 
bioluminescence 3-435 


breathing mechanism, illus. 


5-222 

butterflies and moths 
4-288 

endangered species 2-495 

flight 3-453 

fossils 4-482, 483; 486 

houseplants 4-158 

migration 4-473 

origin 3-467 

radioisotope tracer studies 
3-328 

viral disease carriers 3-397 

INSECT EATER (zool.) 

5-25-32, 11,13 

marsupial 5-20, 23 

Insecticide (chem.) 

conservation of wildlife 
2-408 

houseplants 4-158 

pollution 2-466, 492 


Insectivore (z00! 25, 13 
fossils 4-48 
Insomnia 5-403 


Instamatic-type ra (phot.) 
6-242 
Instinct (biol., p 
animal bet 453, 454 
Institution of C gineers 
6-12 
Institution of M sical Engi- 
neers 6- 
Instrument, Air 113 
instrumen psycho- 
logical s 5-406; 
illus. 5—4 
Instrument Lar System 
(ILS) 6 
Instrument par 
aircraft, // 97 
simulated A pace- 
craft, // 4 
Insulation, El 2-392, 
395; 3 
Insulation, T} 209 
glass ins us, 6-25 
insulatin f various 
mater 3-210 
materia 
Insulin (hormor 
recomt 3-506 
Intaglio pri 3 229; 
illus. © 
gravure 18 
6-23 
Intake works (wa ply sys- 
tem) 
Integer (math 350 
Integral calculus h.) 
1-3: 7 
INTEGRATED CIR (elec- 
tron.) 6 
integrated-systems satellite 
see IS satel! 
Integumentary system (anat.) 
5-161 
See also Skin 
Intelligence 
animal behavior 4-458 
dolphins 5-64 
Intelligence testing (psych.) 
5-292, 415 


Intelsat (satellite system) 
1-271, 262, 272; illus. 
1-254, 269 

Intensity (sound) 3-261 

Interactive language (com- 
puter programming) 
1-483 

Interbreeding 3-469 

Intercalation (calendar compu- 
tation) 1-168 

Interception radar 6-197 

Intercontinental ballistic missile 

guidance 1-259 


Interdigestive secretion (phys- 


iol.) 5-233 
Interference (phys.) 3-300; 
llus. 3-300 
color 3-300; illus. 3-302 
holography 6-335 
light 3-337 


Interference (psych.) 5-312 
Interference microscope (in- 
tru.) 6-308 
Interferometer (instru.), illus. 
3-291 
tel opes 1-43 
Interfer 


netry (sci.) 6-335 
(biochem.) 3-402, 


» regression 5-478 
l period (geol.) 


ils 4-489 
INTERIC® OF THE EARTH 


2-52-60 
See a/so Core of the earth; 
Mantle of the earth 
Interlocking signal system 
(railroad) 6-91 


Interloper (quasar-like object) 
1 38 


Internal »mbustion engine 
airplar s 6-117 
air pollution 2-468 


automobile 6-71; illus. 

6-63 

electricity, generation of 
2-389 


International Astronomical 
Union 
moon features, naming of 


1-113 

International Council for Ex- 
ploration of the Sea 
2-232 

International Telecommunica- 
tions Satellite Consor- 
tium 1-271 

International Union for the 
Conservation of Nature 
and Natural Resources 
(IUCN) 2-481, 493 

International Whaling Commis- 
sion 2-232; 5-60 

Interphase (bioJ.) 3-394; illus. 
3-392, 393 

Interstellar matter 

black holes 1-243 

INTERSTELLAR SPACE (as- 
tron.) 1-200-05 

Interstitial alloy (metal.) 3-85 

Intertropical convergence 
zone (meteorol.) 2-115 

Interval (mus.) 3-275 

Intervertebral disk (anat.) 
5-178, 179 

Intestinal bacteria (biol.) 4-28 


Intestinal juice (biochem.) 
5-236 
Intestine (anat.) 5-234 
Intoxication see Alcoholism 
intradermal test (med.) 
allergy diagnosis 5-448; 
illus. 5-450 
Intrinsic variable (star) 1-194 
Introspection (psych.) 5-405 
Introversion-extroversion 
(psych.) 5-294 
Intrusive mass (geol.) 2-12; 
illus. 2-11 
Intrusive rock 
mountains 2-85 
Invariance principle (phys.) 
3-317 
Invariant (geom.) 1-374 
Invertebrate (zool.) 
fossils 4-478 fol. 
Inverted microscope (instru.) 
6-310 
Involuntary muscle see 
Smooth muscle 
Involution (math.) 1-348 
lo (astron.) 1-127; illus. 1-124, 
125 
lodine (elem.) 3-39 
radioisotopes 3-327, 328 
trace elements in the 
human body 5-383 
lon (chem., phys.) 3-56; illus. 
3-144 
acid 3-94 
atmosphere 2-112 
base 3-95 
bioelectricity 3-445 
electrochemical reactions 
3-143 fol. 
protoplasm 3-383, 385 fol. 
solutions 3-100 
lon-drive rocket 1-251 
lonic crystal 3-119 
lonic valence see Electrova- 
lence 
lonization (chem., phys.) 
acids, bases, salts 3-94 fol. 
bioelectricity 3-446 
plasmas 3-361 
lonization chamber 
cosmic rays 1-224 
lonization energy (chem., 
phys.) 3-82; table 3-83 
lonosphere (atmospheric layer) 
1-75, 99 
radar 6-193 
Venus 1-96 
Iranian Plateau, Asia 2-90 
Iridium (elem.) 3-39 
radioisotopes 3-327 
Iris (anat.) 5-275 
Iris (bot.), illus. 4-108 
Irish elk (zool.) 3-470 
Irish moss (bot.) 4-42 


Irminger Current (ocean cur- 
rent) 2-258 
Iron (elem.) 3-39, 26, 81, 121; 
illus. 3-120 
building material 6-24 
earth's crust, percentage of 
3-3 
earth's interior 2-58, 59 
enzymes 3-386 
Haber process 3-68 
melting point 3-19, 206 
meteorites 1-165 


moon 1-311 

pellets used in steel mak- 
ing, illus. 6-43 

plants 4-73 


radioisotope tracer 3-327 
rocks 2-50 
secondary battery 3-152 
steel 6-41 
trace element in the human 
body 5-383 
water supply impurity 
2-447 
Iron lung (med.) 5-224; illus. 
5-225 
Iron meteorite 1-165 
Iron ore, illus. 5-46 
deposits 6-42 
Iron oxide (chem.) 2-16 
Iron pyrite (min.) 2-39; illus.. 
2-45 
Ironwood (tree) see American 
hop hornbeam; New 
World hornbeam 
Irrational number (math) 1-350 
Irregular galaxy (astron.) 
1-218 fol. 
interstellar space 1-204 
Irrigation (agr.) 2-176 
Sahara Desert 2-92 
Irritability (biol.) 3-374; illus. 
3-375, 376 
plant 4-79 
Irritation 
predisposition to cancer 
5-473 
Irwin, James B. (Amer. astro.) 
1-278, 283 
Ischium (anat.) 5-184 
Iset River, USSR 
pollution 2-456 
Islamic calendar 1-173 
ISLAND (geol.) 2-215-22 
plate tectonics 2-26, 27 
volcanic islands 2-70; illus. 
2-22 
Island arc (geol.) 2-215, 217 
Isoclinic chart of magnetic 
inclination 3-244 
Isogonic chart of magnetic 
declination 3-244; illus. 
3-244 
Isomer (chem.) 3-134 


INDEX 


447 


448 


Isomerization (chem.) 
petroleum 2-317 

Isometric system 3-122; illus. 
3-122 

Isoprene (chem.) 3-136 

Isoptera (entom.) 4-276 

Isosceles trapezoid (geom.) 
1-373 

Isostasy (geol.) 2-81, 84, 274 


Isotope (chem., phys.) 3-59, 47, 


325; 2-360 
See also Radioisotope 
Isotope transmission gauge 
(instru.) 3-329 
IS satellite (spacecraft) 1-266 
Ivanovski, Dimitri (Russ. sci.) 
3-377, 396 
Ives, H. E. (Amer. phys.) 3-355 
Ivory-billed woodpecker (bird) 
2-492 


J 


Jacana (bird) 4-418; illus. 
4-419 

Jackal (zool.) 5-72; illus. 5-72 

Jack rabbit (zool.) 5-34; illus. 
5-34 

Jackscrew (mach.) 3-158; illus. 
3-158 

Jaguar (zool.) 2-490; 5-103; 
illus. 5-103 

Jaguarundi (zool.) 5-105 

Jaipur observatory, India, illus. 
1-53 

Jansky, Karl G. (Amer. eng.) 
1-59 

Japan Current see Kuroshio 

Japanese beetle (insect), illus. 
4-285 

Japanese black pine (tree) 
4-166 

Japanese larch (tree) 4-168 

Japanese maple (tree) 
4-175 

Jato unit (aero.) 6-122 

Jaw (anat.) 5-176, 178 

Jaw crusher (mach.) 6-30; 


illus. 6-30 

Jay (bird) 4-444; illus, 4-433, 
442 

Jeans, Sir James (Brit. astron., 
math.) 


tidal theory 2-4 
Jeffreys, Sir Harold (Brit. sci.) 
2-53 
tidal theory 2-4 
Jeffreys-Bullen table (seismol.) 
2-53 
Jejunum (anat.) 5-253 
Jellyfish (zool.) 4-198, 202; 
illus. 2-231; 4-183, 202 
bioluminescence 3-433 


INDEX 


Jenner, Edward (Eng. phy.) 
5-258 
Jerboa (zool.) 5-41 
Jerusalem pine (tree) 4-166 
Jet aircraft 6-105; 1-247; illus. 
1-249; 6-122, 124 
air pollution 2-471 
jet propulsion 6-119 
Jet engine 6-69; illus. 6-123 
Jet lag 3-444 
JET PROPULSION 6-119-25 
Jet stream (meteorol.) 2-131, 
110; 1-99; illus. 2-132 
clouds 2-148 
Jetty (harbor wall) 2-206 
Jet water pump 3-189; i//us. 
3-188 
Jewel beetle (insect) 4-282 
Jewelry 
electroplating 3-147 
Jewish calendar 1-172 
Jig (metal.) 6-31; illus. 6-31 
Jig washing (coal mining oper- 
ation) 2-331 
Jodrell Bank Radio-Astronomi- 
cal Observatory, Eng. 
1-61 
JOIDES see Joint Oceano- 
graphic Institution for 
Deep Earth Sampling 
Joint (anat.) 
arthritis 5-456 
artificial joint, illus. 5-457 
inflammation 5-458 
Joint Committee on Health 
Problems in Education, 
National Educational 
Association 
health, definition of 5-364 
Joint Oceanographic Institu- 
tion for Deep Earth Sam- 
pling 2-278 
Joly, John (It. phys., geol.) 
2-81 


Jorullo, volc., Mex. 2-69 

Joule, James Prescott (Eng. 
phys.) 3-198 

Joy (emotion) 5-304 

Joystick (aero.) 6-117 

J/psi particle (phys.) 3-314, 
322; illus. 3-320 

Julian calendar 1-169 

Jumping spider (zool.) 4-248; 
illus. 4-239 

Junction field-effect transistor 
(electron.) 6-144 

Junction transistor (electron.) 
6-144; illus. 6-144 

Juniper (tree) 4-168 

Juno (asteroid) 1-159 

JUPITER (planet) 1—-123-28, 83, 
86; illus. 1-6, 89, 268 

asteroids, origin of 1-160 
comets, influence on 1-155 


JUPITER (cont) 


life, unsuitability for 1-322 
satellites 1 
space probe 268 
thermal rad 1-63 
Jupiter's family of comets 
(astron.) 1 
Jurassic period (geo!.) 2-282 
fossils 4—48§ 
Justification ( 6-230 
Juvenile water (( 2-172 
K 
Kalahari Deser! 2-86 
Kame (geol.) 2 
Kamerlingh-Onn 4eike (Du, 
phys.) 6- 30 
KANGAROO (; 18-24; 
3-482, 48 3-482 
Kant, Immanue philos.) 
galaxies 1-21 3 
Kaon (phys.) 3 lius 
3-315 
Kaplan reactio 1e 
electricity tion of 
2-391 
Kapok (tree) 4 
Kapteyn, J. C. (D ron.) 
star survey ] 
Karroo, plateau 2-150, 
158 
Karst region, Yur 2—98, 161 
Kasner, Edward math.) 
1-359 
Katmai, volc.. / 36, 432 
Kekule, Augus ich (Ger. 
chem.) 3 
Kelly, William (Amer. inv.) 6-45 


Keloid (med.) 5 
Kelp (bot.) 4-140 
Kelvin, Lord (Scot. math., 
phys.) 3-13 
siphon recorder 6-167 
Kelvin scale (temperature) 
3-13, 368; 6-391; illus. 
3-12 
Kennelly, Arthur E. (Amer. elec. 
eng.) 6-193 
Kenya 
wilderness preservation 
2-481 
Kepler, Johannes (Ger. astron.) 
1-88 
nova 1-195 
tides 2-252 
Kepler's laws (astron.) 1-6, 88; 
illus. 1-7 
Kepler’s star (astron.) 1-195 
Keratin (biochem.) 5-172 
Kermode’s bear (zool.) 5-82 
Kerosene (oil) 2-306, 316, 317 
rocket fuel 1-248 


Kerst, Donald William (Amer. 


zhys.) 6-347, 363 
Kerwin, Joseph P, (Amer. 
astro.) 1-279 

Kestre! (bird) 4-388 

Ketone (chem.) 3-140 

Kettle (chem. vessel) 6-276 

Kettle hole (geol.) 2-201 

Key (sland) 2-214 

Khorana, H. Gobind (Amer. 
jochem.) 3-503 

Khruocy, Yevgeni V. (Sov. cos- 

naut) 1-278 


Kidne» (anat.) 5-171 
1 \/\cial Kidney 5-469; 


1s. 5-467 

let fever 5-259 

plant 5-465 
Kilauea, volc., Haw. 2-63; illus. 
Kilimanjaro, mt., Tanz. 2-75 
Killary Revolution (geol.) 

4-479 

Killer “ale (zool.) 5-59; illus. 


Kilog ' 


calories see Calorie 
Kilowatt (elec.) 2-395 
Kilow hour (elec.) 2-395; 
234 
Kinescope (TV) 6-210; illus. 
210 fol. 
Kine sia (physiol.) 5-289 
Kines\setic sensation 5-409 
Kinetic energy (phys.) 3-6, 198 
ey ration 3-15 
heat 3-12, 208 
rac oactive decay 3-357 
£ is 3-18 
Kinet): ‘kinetic-molecular) the- 
ery (phys.) 3-11, 15, 18, 
19, 198 
King, Thomas J. (Amer. sci.) 
-509 
King c a (snake) 4-355 
King crab (zool.) 3-471; 4-237; 


llus. 3-473 
Kingdom (biol.) 3-517 
Kingfisher (bird) 4-408; illus. 
3-477 
Kinglet (bird) 4-436 
King rail (bird) 4-419 
King salmon (fish) 
migration 3-483 
King snake (zool.) 4-354 
Kirchhoff, Gustav (Ger. phys.) 
1-9 
Kirkuk oil fields, Iraq 2-315 
Kislaya Inlet, USSR 
tidal energy 2-249 
Kite (bird) 4-386 
Kitt Peak National Observa- 
tory, Ariz. 1-44, 53; illus. 
1-42 
Kiwi (bird) 4-382; illus. 4-381 


Klimuk, Pyotr (Sov. cosmonaut) 
1-279 
Klipspringer (zool.) 5-131 
Klydonograph (instru.), illus. 
2-142 
Klystron (electron.) 6-143 
Kneecap see Patella 
Knee jerk 5-265, 401 
Knee of bald cypress tree 
4-92, 168 
Knight, J. (Eng. astron.) 1-134 
Knuckle (anat.) 5-183 
Koala (zool.) 5-6, 22; illus. 
5-23 
Kob (zool.) 5-130 
Kodachrome slide film (phot.) 
6-251 
Kohoutek, Comet 1-157; illus. 
1-152 
Kolhirster, Werner (Ger. phys.) 
1-224 
Komarov, Vladimir M. (Sov. 
cosmonaut) 1-277, 278 
Komodo dragon (zool.) 4-337, 
343; illus. 4-338 
Korsakoff’s syndrome (med.) 
5-428 
Krait (snake) 4-356 
Krakatoa, volc., Indon. 2-64, 
69, 205, 432 
Krebs, Hans A. (Ger. biochem.) 
3-428 
Krebs citric acid cycle 
(biochem.) 3-428, 392; 
illus. 3-429 
Krische, Wilhelm (Ger. chem.) 
6-275 
Kruger National Park, S. Afr. 
2-480 
Krypton (elem,) 3-39 
Kubasov, Valery N. (Sov. cos- 
monaut) 1-278, 279 
Kudu (zool.) 5-127; illus. 5-126 
Kuiper, Gerard P. (Du.-Amer. 
astron.) 
Miranda 1-137 
nebular hypothesis 2-5 
Nereid 1-139 
Saturn 1-134 
Kurchatovium (elem.) 3-45 
Kuroshio (ocean current) 
2-254, 258 
Kuwait 
water desalting plant 2-447 
Kwajalein, atoll, Marshall 
Islands 2-222 


L 


Labor pains 5-329 

Labrador Current (ocean cur- 
rent) 2-258, 259 

Labyrinthodont (zool.) 4-329 


Laccolith (geol.) 2—13; illus. 
2-11 
Lacebark pine (tree) 4-166 
Lachrymal duct (anat.) 5-275 
Lachrymal gland (anat.) 5-275; 
illus. 5-276 
Lacquer tree (bot.) 4-174 
Lactic acid (chem.) 3-392; 
4-25 
muscle action 5-189, 393 
Lactobacillus (bacteria), illus. 
4-30 
Lactose (milk sugar) 3-385; 
5-380 
Ladle (blast furnace) 6-44 
Ladybird beetle (insect) 4-280 
Ladybug (insect) 4-280 
Ladyfinger cactus (bot.) 
4-152 
Lagomorpha (zool.) 5-33, 14 
Lagoon (geol.) 2-222 
atolls 2-267 
Lagoon Nebula (astron.), illus. 
1-179, 207 
La Jolla, Calif. 
seashore 2-212 
Lake 
ecological succession 
3-495 
eutrophication 2—409, 457 
glaciers 2-199 
oxbow 2-185 
pollution 2-456 
seasonal climate's effect on 
sediment 2-288 
waves 2-240 
Lake Nicaragua shark see Bull 
shark 
Lake plain 2-87 
Lambert, Count de (Fr. inv.) 
6-134 
Laminaria (bot.), illus. 4-39 
Laminating (plastic indus.) 
6-284; illus. 6-284 
Lamprey (zool.), illus. 4-302 
Lamp shell (zool.) 3-471 
Lampyridae (entom.) 4-282 
Lance (open-hearth furnace) 
6-48 
Lancelet (zool.) 4-299; illus. 
4-299 
Land 
air circulation affected by 
water temperature 2-127 
conservation 2-400 
contour affected by sheet 
floods 2-416 
surface mining, effects of 
2-301 
Landes (Eur. plains) 2-88 
Landfill, illus. 2-501 
waste disposal 2-376, 464, 
499 
Landsat 1-265 


INDEX 


449 


450 


Landslide (geol.) 2-163 
streams dammed by 2-423 
Landsteiner, Karl (Aus. path.) 
5-205 
Langevin, Paul (Fr. sci.) 6-288 
Langford, Nathaniel (Amer. 
park superintendent) 
2-71 
Langley, Samuel P. (Amer. sci.) 
infrared ray studies 3-250 
Langrenus (moon creater), 
illus. 1-114 
Language 
chimpanzees’ use of 4—460 
development 5-157 
dolphins 5-65 
Langur (zool.) 5-137 
Lanthanide (chem.) 3-32 
Lanthanum (elem.) 3-40 
Lapidary (craftsman who pro- 
cesses gemstones) 2-49 
Lapis lazuli see Lazurite 
Laplace, Marquis Pierre Simon 
de (Fr. math., astron.) 
nebular hypothesis 2-3 
Saturn 1-134 
Lapse rate of the air (tempera- 
ture-change rate) 2-147 
Laramie Mountains, U.S. 2-80, 
83 
Larch (tree) 4—168; illus. 
4-167 
Large Magellanic Cloud (gal- 
axy) 1-221; illus, 1-220 
Large orbital research labora- 
tory see LORL 
Lark (bird) 4-429 
Larva (zool.) 3-467 
acorn worm 4-298 
ant 4-267 fol, 
beetle 4-278, 279 
butterflies and moths 
4-290, 291 
echinoderms 4-204 
honeybee 4-273 
insect 4-255 
salamander 4-334 
wasp 4-274 
Larynx (anat.) 5-177, 178, 220; 
illus. 5-223 
Lascaux Cave, Fr. 
radiocarbon dating of char- 
coal sample 6-355 
LASER (phys.) 6-336—41; 
3-349; illus. 2-374 
cloud studies 2-153 
fusion energy 2-372; 
3-366; 6-331 
holography 6-333 
videodisc systems 6-226, 
227 
Laser-fusion concept (plasma- 
containment method) 
2-374 


INDEX 


Laser Geodynamic Satellite, 
illus. 2-8, 9 

Lassell, William (Eng. astron.) 
1-139 

Late blight (plant disease) 
4-46 

Latent heat (phys.) 3-206 

Lateral line system (fish) 
4-312; illus. 4-311 

Latissimus dorsi (anat.) 5-187 

Latitude (geog.) 1-19, 384, 385 

calculation 1-49, 50 

Lattice, Crystal 3-18, 118 

Lattice energy 3-85 

Laue, Max von (Ger. phys.) 


2-42; 6-344 

Launch vehicle (rocketry) 
1-253 

Launch window (space explo- 
ration) 1-262 

Launder (metal.) 6-32; illus. 
6-33 

Laurasia (supercontinent), map 
2-20 


Lava (geol.) 2-13, 61 fol.; illus. 
2-13, 26, 51, 62, 67 
caves, formation of 2-101 
magnetization 2-21, 24 
moon 1-112, 310, 315 
streams dammed by 
2-423 
Laval, Carl G. P. de (Swed. 
eng. and inv.) 5-58 
Laver (bot.) 4-42 
La Verkin Creek, Zion National 
Park, Utah, illus. 2-475 
Lawrence, Ernest O. (Amer. 
phys.) 6-360 
Lawrence, John H. (Amer. 
physiol.) 5-361 
Lawrence Livermore Labora- 
tory, Calif. 2-355; illus. 
6-356 
Lawrencium (elem.) 3—40 
Lazurite (gemstone), illus. 2-41 
LD process see Oxygen steel- 
making process 
Lead (elem.) 3-40, 82 
air pollution 2-301, 468 
alloys 6-40 
bone marrow damage 
5-176 
building material 6-23 
crystal structure 3-121; 
illus. 3-120 
heat of fusion 3-206 
melting point 3-19 
smelting 6-35; illus. 6-34 
steelmaking 6-53 
Lead-acid storage battery 
(elec.) 3-151, 229; illus. 
3-151 
Lead poisoning (med.) 4-82; 
5-274 


Lead sulfate (chem.) 
secondary battery 3-152 
LEAF (bot.) 4—99—102: illus. 


4-75, 163, 164, 166, 167, 
169 fol 
arrangement on stem 
4-163; illu 164 
cells, illus, 3 
chloroplasts, illus. 4-3 
fossils 4-47 
seed plants 4—61, 64, 68, 69 
stomata 3-390, 404; illus. 
3-405 
structure 4 
turgor mov nts 4-81, 82 
Leaf beetle ( 4-285; 
illus. 4 
Leaf-cutter bee ect) 4-272 
Leaf insect (entom.) 4-260 


Leaflet (bot.) 4—6 
Leaf-nosed snake 
4-353, 35 
Leaf scar (bot.) 4--164 
Leaf spring (auto.) 
Leakey, Richard 2 
anthro.), illus. § 
Leap year 1-172, 1 
Julian calendar 1-171 
Learning (psych.) 5-410 
aging affects speed of 
5-362 
animal behavior 4—454, 
458 
birds 4-374 
memory 5- 
primates 5—1 
Learning curve (psych ) 5-411; 
illus. 5-410 
Least tern (bird), i//us 4-415 
Leatherback (turtle 9 
Leather fungus see Bracket 


fungus 
Leavitt, Henrietta S. (Amer. as- 
tron.) 1-199 


Lebedev, Valentin (Sov. cos- 
monaut) 1-279 

Lechwe (zool.) 5-130 

Leclanché, Georges (Fr. phys.) 
3-150 

Leclanché dry cell (battery) 
3-150 

Lederer, L. (Amer. phys.) 3-346 

Lee, T. D. (Amer. phys.) 3-346 

Leech (zool.) 4—299; illus. 
4-230 

Leg (anat. 

7 bones 6-185; illus. 5-184 
human embryo, develop- 

ment in 5-326 

Legal psychology 5-416 

Legrandite (min.), illus. 2-46 

Legume (bot.) 4-19, 27 

Lehmann, Otto (Ger. phys.) 
6-298 


Leibnitz Mountains (moon fea- 
ture) 1-113 
Leibniz, Gottfried Wilhelm von 
(Ger. philos., math.) 
1-431 
binary system 1-344 
Leith, Emmet (Amer. sci.) 
6-334 
1g (zool.) 3-492; 5-41 
jration 4-467; illus. 
468 
Lemur (z00l.) 2-492; 5-133; 
5-132 
ilipp Eduard (Ger. 
ys.) 6-159 
Lenoir, Jean-Joseph-Etienne 
r. eng.) 6-63 
Lenoir, William B. (Amer. 
tro.) 1-279 
at.) 5-277 
optics) 3-290; illus. 
291 


converging, illus. 3-290, 


diverging, illus. 3-290, 292 
microscope 6-300; illus. 


raphy 6-241, 243; 

6-243, 244 

cope 1-38, 39 

cular galaxy (astron.) 

1-218, 219, 221 
Leo (constellation) 1-33 
Leonardo da Vinci (It. art., eng.) 
drawing of the human body 

votion, illus. 5-147 

sering 6-12 

opter 6-103 

eteor shower) 1-166 

Leonov, Aleksei A. (Sov. Cos- 
monaut) 1-277, 279 

Leopard (zool.) 2-490; 5-102; 
illus. 2-484; 4-176; 
5-102, 103 

Leopard frog (zool,) 4-329, 
332; illus. 4-328 

Leopard shark (fish), illus. 
4-319 

Lepidoptera see Butterfly; 
moth 

Lepospondyl (zool.) 4-329 

Lepton (phys.) 3-312, 314 

quarks 3-321 

Lepton number (phys.) 3-316 

Lesser Bear (constellation) see 
Ursa Minor 

Lesser Dog (constellation) see 
Canis Minor 

Lesser golden plover (bird) 
4-417 

Lesser panda (zool.) 5-83 

Letterpress printing 6-229; 
illus. 6-229 

Leucoplast (biol,) 3-389 


Leukemia (med.) 5-204 
Leukocyte see White blood cell 
Leukocytosis (med.) 5-201 
Leukoplakia (med.) 5-476 
Levee, Natural (geol.) 2-423 
Lever (mach.) 3-155; illus. 
3-155, 156 
Leverrier, Urbain-Jean-Joseph 
(Fr. astron.) 1-89; 3-165 
Neptune 1-138, 139 
Leyden jar (elec.) 3-224; illus. 
3-224 
Liberty Bell 7 (spacecraft) 
1-277 
Libra (constellation) 1-33 
Library 
microfilming 6-259 
source of background 
information for experi- 
ments 3-407 
Libration (astron.) 1-109 
Lice (entom.) 4-263 
Licensing 
amateur radio operators 
6-188 
Lichen (bot.) 4-53, 33, 138; 
illus. 1-316; 2-266; 
3-486; 4-51 
Lick Observatory, Calif. 1-44, 
53; illus. 1-43, 49 
Lidar (instru.) 2-153 
Lie detector (instru.) 5-303 
LIFE 3-374-81 
biological rhythms and 
clocks 3-438 
cells 3-382 
chemistry of see Biochem- 
istry 
ecology 3-485 
evolution 3-458 
origin of 1-319 
Life, Classification of see Clas- 
sification of life 
LIFE, Extraterrestrial 
1-316-25 
interstellar matter 1-205 
Jupiter 1-128 
Mars 3-329 
meteorite 1-165 
Life change units 5-418 
Life expectancy 5-359 
Lift (aero.) 6-117 
Lift pump 2—438; 3-190; illus. 
3-190 
Ligament (anat.) 5-193 
Ligase (biochem.) 3-505 
Light (phys.) 3-248, 6 
bioluminescence 4-312 
black holes 1-242 
color 3-295 
Doppler effect 1-14 
Einstein's equation 3-349 
ether concept of light 
transmission 3-351 


Light (cont.) 
fiber optics 6-292 
holography 6-333 
lasers 6-336 
microscopes 6-299 
Newton's studies 3-162 
optics 3-281 
photography 6-240 
photosynthesis 4-3, 87 
quantum theory 3-336 fol. 
speed of 1-14; 3-262, 281, 
356 
Tyndall effect 3-109; illus. 
3-109 
Light bucket (telescope) 
1-42 
Light curve (astron.) 1-198; 
illus. 1-194 
Light day (meas,) 1-238 
Light detection and ranging 
device see Lidar 
Lighter-than-air flight 6-100 
Light fuel oil 2-317 
Lighthouse theory of neutron 
stars 1-232 fol. 
Lighting 
electric lighting 2-396 
photography 6-248 
Lighting system (auto.) 6-79 
Light meter see Exposure 
meter 
Light month (meas.) 1-238 
LIGHTNING (meteorol.) 
2-138-44; 3-224; illus. 
2-111 
electrical transmission 
lines 2-393 
Lightning bug see Firefly 
Lightning rod 2-142, 144 
Light quantum (phys.) see Pho- 
ton 
Light Rail Vehicle (LRV), illus. 
6-93 
Lightwave communications 
system, i//us. 6-294 
Light week (meas.) 1-238 
Light year (meas,) 1-14, 217, 
236 
Lignin (bot.) 6-19 
Lignite (coal) 2-322, 332, 
335 
Lignum vitae (tree) 4-173 
Lilac (bot.) 4-69 
Lilienthal, Otto (Ger. inv.) 
6-103; illus. 6-104 
Lilius, Aloysius (It. astron., 
phy.) see Ghiraldi, Luigi 
Lilio 
Lily-trotter (bird) see Jacana 
Lima bean (bot.) 4-116; illus. 
4-117 
Lime (chem.) 3-102 
melamine, manufacture of 
6-276 


INDEX 
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Lime juice 
scurvy prevention 5-367 
Lime-soda ash process (hard 
water treatment) 2-446 
Limestone (rock) 2-16, 18, 50, 
51, 161 
caves 2-95, 101 
chemical industry 6-267 
coral reef 2-221, 262 
ground water 2-173, 177, 
178 
iron ore smelting 6-42 
mountains 2-84 
steelmaking 6-48 
Limiting factor (ecology) 3-490 
Limiting stress (phys.) 3-27 
Limonite (min.) 6-42 
Stalactites and stalagmites 
2-99 
Limpet (zoo].) 4-224 
Linac see Linear accelerator 
Lind, James (Scot. phy.) 5-367; 
illus. 5-367 
Lindbergh, Charles Augustus 
(Amer, aviator) 6-105; 
5-402 
Linden (tree) 4-171; illus. 
4-172 
fruit, illus. 4-165 
stem cross section, illus. 
4-96 
Line (geom.) 1-369; graph 
1-394 
Linear accelerator (phys.) 
6-356, 359; illus. 6-356, 
359, 365 
Linear expansion, Coefficient 
of 3-204 
Linear-induction electric motor 
6-138 
Linear measure 
metric system 6-392 
United States 6-392 
Line-casting machines (print- 
ing) 6-230 
Line Islands Experiment 
(meteorol.) 2-124 
Linework (printing) 6-232 
Linkage (mach.) 1-377 
Linnaeus, Carolus (Swed. nat.) 
3-199, 514; 5-132; illus. 
3-515 
Linofilm system (printing) 
6-231; illus. 6-231 
Linoleic acid (chem.) 5-381 
Linoleum 6-26 
Linotype (mach.) 6-230 
Linsang (zool.) 5-93; illus. 5-95 
Lintel (arch.) 6-22 
Lion (zool.) 5-98 fol.; illus. 
3-513; 5-99, 100, 107 
fossils 4-489 
Lionfish (ichth.), illus. 4-306, 
454 
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Lipase (biochem.) 5-236 
Lipid (biochem.) 3-384 
Lipoprotein (biochem.) 3-385 
Lippershey, Hans (Du. lens 
maker) 1-36 
Lippmann, Gabriel (Fr. phot.) 
6-334 
LIQUID 3-10-20, 183-89 
boiling 3-207; illus. 3-206 
diffusion 3-24 
entropy 3-218; i/lus. 3-218 
evaporation 3-207 
surface tension 3—22, 24 
viscosity 3—21 
Liquid-borne waste 2-497, 500 
Liquid-column chromatogra- 
phy 3-124; illus. 3-124 
LIQUID CRYSTAL 6-296-98 
Liquid fuel 
coal liquefaction 2-334 
manufacture, i//us. 2-334 
Liquid-fuel rocket 1-248, 250, 
251, 253; illus. 1-249 
Liquid laser 6-338; i//us. 6-341 
Liquid measure 6-393 
Liquified natural gas 
storage, illus. 2-343 
tanker transportation, illus. 
2-338 
Liquified petroleum gas 2-318 
Lisbon, Port. 
earthquake 2-246 
Lithium (elem.) 3-40, 49 
Lithography see Planographic 
printing 
Lithosphere (part of the earth) 
1-100; 2-6; illus. 2-21, 23 
Litmus paper 3-97 
Little Big Inch (pipeline) 2-315, 
338 
Little Dipper (astron.) 1-26 
Little Red Spot (feature of Jupi- 
ter) 1-127 
Liver (anat.), illus. 5-232 
cancer 5-475; 6-281 
transplant 5-466 
Liver fluke (zool.) illus. 4-212 
Liverwort (bot.) 4-57; illus. 
4-57 
Live sand dune 2-429 
Livingston, M. Stanley (Amer. 
phys.) 6-360, 364 
Livingstone, David (Scot. expl.) 
4-365 
LIZARD (zool.) 4-337-45, 456 
behavior 3-489 
Lizard fish (z00l.) 4-308 
LLAMA (zool.) 5-114-15 
Llano, plain, S. Amer, 2-89 
LNG see Liquified natural gas 
Load (material carried by 
stream) 2-418 
Loadstone (min.) 2-13, 45; 3— 
237 fol., 242; illus. 3-237 


Loam (soil) 4— 
Lobachevsky, Niko 
vich (Po 
1-335, 40 
Lobe-finned fish 
opterygic 
Loblolly pine (bot 
LOBSTER (zoo! 
illus. 4-18 
fossils 4—48: 
Local anesthetic 
Local cell actior 
3-152 
Local Group of galaxies 1-221, 
222; illu 
Local hypothesis of quasar 
distance 1 
Localization (visi 
Local Superciust: 
1-221, 22 
Locke, John (Er 
perception 
Lockup (printin 
Locomotive, Di 
6-89, illu 
Locomotive, Elect!c 5-87; 
illus. 6-9 
Locomotive, 
tric 6-89 
Locomotive, Stearn 5-88, 93 
Trevithick r 6-87 
Locoweed (bot.) © ) 
Locus (geom.) 1 
Locust (insect) 4-260, 261 
Locust (tree) 
fruit, illus. 4 
leaf, illus. 4-163 
Loess (soil deposit) 2-431, 432 
Logarithm (math.) 1-337, 360 
Logging 6-17 
Lombardy poplar (tree) 4-170 
Lomentoria (bot.), illus. 4-42 
London, Eng. 
environmental pollution 
2-455, 462 
London plane (tree) 4-171 
Long-day plants and animals 
3-443 
Long-distance navigation see 
Loran 
Long-distance telephone 
6-172 
Long-eared owl (bird) 4-390 
Longevity of animals 
amphibians 4-335 
snakes 4-350 
Long-headed tree snake 
(zool.), illus. 4-354 
Long-horned beetle (insect) 
4-285; illus. 4-277, 
286 
Long Island, N.Y. y 
glacial-moraine shoreline 
2-211 


i Ivano- 
math.) 


ross- 


us. 4-62 
31-38; 


J.) 5-252 
rrosion) 


5-278 
alaxies) 


s-turbine-elec- 


Longitude (geog.) 1-19, 384, 


ulation 1—49, 50 
Longitudinal sand dune 2-428 
Lono-piaying record (phono- 

raph) 6-217 
Long ‘orm memory 5-311, 313 
Longw!! mining 2-325, 327, 


Loon 6 1d) 4-412, 413 
Loran vigation) 1-379; 
251 
Lorentz, Hendrik (Du. phys.) 
i354 
Lorer onrad (Aus. biol.) 
4-453, 
Loris (* 01.) 5-134; illus. 5-132 
LORL (pace station) 1-289 
Lory (sd) 4-402 
Los Angeles, Calif. 
a ‘lution 2-461, 468 
Loudness of sound 3-266 
n 3| sound 3-273 
Loudspeaker 
p »graph 6-217 
r 6-185; illus. 6-185 
Louis ì Purchase 2-476 
Louse sce Lice 
Lousms. Jack R. (Amer. astro.) 
9 
Love (emotion) 5-307 
Love rnith.) 4-402 
Lovell, James A. (Amer, astro.) 
77,278 
Lowel!, “ercival (Amer. astron.) 
F » 1-140 
LPG scc | iquified petroleum 
LRV (moon car) 1-283, 284, 
), 300; illus. 1-295, 
297, 302, 303 
LSD (drug) 5-433 


laws regarding 5-437 
Luangwa River, Zambia, illus. 
2-420 
Lubricant 
petroleum 2-316, 317 
plastics manufacture 6-277 
viscosity 3-21, 22 
Lubricating system (auto.) 
6-80 
Lucanidae (entom.) 4-283 
Lucian of Samosata (Gr. writ.) 
1-246, 296 
Luciferase (biochem.) 3-435 
Luciferin (chem.) 3-434, 435 
Lucretius (Rom. nat.) 3-237 
Lumbago (med.) 5-197 
Lumbar vertebra (anat.) 5-179; 
illus, 5-181 
Lumber 6-14, 18 
See also Tree 
Lumbosacral plexus (anat.) 
5-272 


Luminescence (phys.) 
bioluminescence 3-432 
Luminol (chem.) 4-435 
Luminous moss (bot.) 4-56 
Luna (spacecraft) 1-267, 299 
Lunar day 2-242, 245 
biological rhythms and 
clocks 3-438, 442 
Lunar exploration see Moon, 
Exploration of the 
Lunar Explorer (spacecraft) 
1-268 
Lunar geology see Moon, Geol- 
ogy of the 
Lunar module (spacecraft com- 
ponent) 1-281; illus. 
1-111, 298 
Lunar Orbiter (spacecraft) 
1-115, 281, 298 
Lunar rock see Moon rock 
Lunar rover vehicle see LRV 
Lunar vehicle see LRV; Lunok- 
hod 
Lunation see Synodic month 
Lung (anat.) 5-220 fol.; illus. 
5-223 
air pollution 2-470 
blood flow 5-212 
cancerous and healthy, 
illus. 5-439 
gas exchange in, illus. 
5-228 
human embryo, develop- 
ment in 5-321 
transplant 5-467; illus. 
5-465 
Lung cancer (med.) 5-474 
smoking 5-434, 442 
Lungfish (ichth.) 4-482 
Lunik (spacecraft) 1-298 
Lunokhod (moon car) 1-267, 
299, 300 
Lunula (anat.) 5-174 
Lupine (bot.), illus. 4-124 
Lupux X-1 (star) 1-244 
Luster 
metals 3-78 
minerals 2-44 
Lutetium (elem.) 3—40 
Lycopodiophyta (bot.) 4-10, 58 
Lycopodium powder (bot.) 
4-60 
Lye see Sodium hydroxide 
Lymphatic leukemia (med.) 
5-473 
Lymphatic system (anat.) 
5-161, 219; illus. 5-168, 
213 
cancer, spread of, illus. 
5-473 
Lymph node (anat.) 5-219, 256 
Lymphocyte (anat.) 5-201, 219, 
256 
Lymphoma (med.) 5-473 


Lymph vessel (anat.) 5-219; 
illus. 5-217, 218 

Lynen, Feodor (Ger. biochem.) 
5-372 

Lynx (zool.) 5-106 

Lyra (constellation) 1-33; illus. 
1-210 

Lyrebird (zool.) 4-429 

Lyrid (meteor shower) 1-166 

Lysis (biol.) 3-399 

Lysogenization (biol.) 3-399, 
401 

Lysosomal enzyme (biochem.) 
5-459 

Lysosome (biol.) 3-388 

Lyttleton, R. A. (Brit. astron.) 

collision theory 2-4; illus. 

2-5 


M 


M 31 (galaxy) see Great Spiral 
in Andromeda 
M 42 (nebula) see Great Nebula 
in Orion 
Macaque (zool.) 5-139; illus. 
5-135, 136 
Macaw (bird) 4—402; illus. 4-401 
Mach, Ernst (Aus. phys.) 6-124, 
126 
Machine 
simple machines 3-154 
Machine language (computer 
programming) 1-476 
Machines, Law of (phys.) 
3-154 
Mach number (phys.) 6-124, 
126 fol. 
Mach wave (aero.) 6-127 fol; 
illus. 6-127, 128, 130 
Mackerel shark (fish) 4-321 
Macromineral 5-382 
Macromolecule (chem.) 3-429 
crystals 3-119 
Macropodidae (zool.) 5-20 
Madrepore see Stony coral 
Maelstrom (whirlpool) 2-248 
Maffei 1 (galaxy), illus. 1-192 
Maffei 2 (galaxy), illus. 1-192 
Magazine binding 6—239 
Magellan, Ferdinand (Port. 
navigator) 2-224 
Magellanic Clouds (astron.) 
1-35, 213, 218, 221; illus. 
1-220 
distance 1-219 
Magellanic irregular (galaxy) 
1-218 
Maggot (entom.) 4-264 
Magma (molten rock) 2-10 fol., 
71; illus. 2-67 
earth 1-100 
ground water 2-168 
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Magma (cont.) 
metamorphism 2-41 
minerals 2-40 
moon 1-309, 311 
Magnesium (elem.) 3-40 
earth's crust, percentage in 
electrolysis 3-85; illus. 
3-149 
electron arrangement 
3-53; illus. 3-53 
macromineral 5-383 
meteorites 1-165 
plants 4-73 
protoplasm 3-386 
salts of, in ocean, illus. 
2-226 
soil 4-20 
Magnesium carbonate (chem.) 
water hardness 2-446 
Magnesium chloride (chem.) 
ocean 2-227 
Magnesium sulfate (chem.) 
3-96 
caves 2-100 
water hardness 2-446 
Magnet see Magnetism 
Magnetically operated train, 
illus. 6-96 
Magnetic bottle for plasma 
confinement 3-363 fol.; 
illus. 3-363 fol. 
Magnetic compass see Com- 
pass, Magnetic 
Magnetic core (computer mem- 
ory unit) 1-465 
Magnetic disk (data process- 
ing) 1-459, 460, 470; 
illus. 1-330, 454 
Magnetic field (phys.) 3-239; 
2-384, 392; illus. 1-226; 
3-238, 239 
atmosphere's effect on 
2-112 
cosmic rays 1-224 
earth 2-21, 24, 59 
electric generators 3-230 
neutron stars 1-234 
oceanographic studies 
2-272 
plasma confinement 3-363 
stars 1-192 
sun 1-69, 180 
Magnetic loudspeaker (radio) 
6-185; illus. 6-186 
Magnetic moment (phys.) 
3-312 
Magnetic monopole (phys.) 
3-247 
Magnetic ore 
magnetic field, effect on 
3-247 
Magnetic pole see Pole, Mag- 
netic 


INDEX 


Magnetic pumping 3-366 
Magnetic quantum number 
(phys.) 3-341 
Magnetic separation (metal.) 
6-32 
Magnetic stereo cartridge 
(phonograph) 6-217; 
illus, 6-216 
Magnetic storm (phys.) 3-247 
Magnetic surveying (oceanog.) 
2-272 
Magnetic tape 1—459, 470; 
illus. 1-454 
video cassettes 6-222 fol. 
Magnetic variable (star) 1-192 
Magnetic well (phys.) 3-366 
MAGNETISM (phys.) 3-237-47 
earth 1-98; 2-272 
plate tectonics 2-21, 24 
sun 1-69 
Magnetite see Loadstone 
Magnetometer (instru.) 3-247 
natural gas prospecting 
2-339 
petroleum prospecting 
2-312 
Magnetosphere (phys.) 3-365; 
illus. 2-59 
Magnetostriction (phys.) 6-288 
Magnetron (electron.) 6-143 
Magnification (optics) 3-293; 
6-301 fol., 316 
Magnitude (astron.) 1-25, 182, 
183, 217 
Magnolia (tree) 4-173 
Magnoliophyta (bot.) 4-63 
Magoun, H. W. (Amer. physiol.) 
5-397 
Magpie (bird) 4-444 
Mahogany (tree) 4-174 
Maidenhair fern (bot.) 4-59; 
illus. 4-54, 74 
Maidenhair tree (bot.) 4-66, 
169; illus. 4-64 
Main-sequence star (astron.) 
1-185 fol. 
Maintained vibration (acous- 
tics) 3-259 
Make-ready (printing) 6-235 
Make-up (printing) 6-233 
Make-up composer (printing) 
6-232 
Mako shark (fish) 4-323 
Malachite (min.), illus. 2-38 
Malaria (med.) 4-195 
Malayan sun bear (zool.) 5-83 
Male fern (bot.) 4-59 
Malignant tumor (med.) 5-471 
Mallard (duck) 4-422: illus. 
4-416 
Malleability (metal.) 3-28, 79 
Malocclusion (dentistry) 5-248, 
249 
Maltose (biochem.) 3-385 


Mamba (snake) 4-356 
MAMMAL (zool.) 5-2-15 
antelope family 5-126 
bears, raccoons, and pan- 
das 5-77 
camels and llamas 5-114 
cat family 5-9 
cloning 3-509 
deer family 5-1 
dog family 5 
dolphins 5—€ 
egg-laying 5-1 
elephants 5 
embryonic development 
3-425 
endangered 
evolution 
fossils 4-4 
giraffes 5— 
hares, rabbits 
5-33 
humans 5-148 
insect eate 
migration 4- 
pigs and hipp 
5-112 
pouched mamır 
primates 5-135 
sea cows 5-67 
weasel family 5-85 
whales 5-50 
Mammary gland (anat. ) 5-317 
Mammography, j/lus 6-343 
Mammoth (paieon,) 4-489; 
5-111 
radiocarbon dating of re- 
mains 6- 
Mammoth Cave, Ky. 2-96, 97, 
99, 102, 104; illus. 2-98, 
100 
Man see Human species 
Man, Prehistoric see Prehis- 
toric man 
Managua, Nicar. 
earthquake, illus. 2-37 
Manatee (zool.) 5-67, 68; 
2-490 illus. 5-67 
Mandalay Beach, Calif 
water desalting plant 
2-447 
Mandible (anat.) 5-176, 178 
Mandrill (zool.) 5-140; illus. 
5-137 
Maned wolf (zool.), illus. 5-69 
Mangabey (zool.) 5-139 
Manganese (elem.) 3-41 
ocean floor, illus. 2-274 
steelmaking 6-53 
trace element in the human 
body 5-383 
water supply impurity 
2-447 
Manganese dioxide (chem.) 
dry cell 3-150 


as 2-485 


1 pikas 


otamuses 


ials 5-18 


Mangrove swamp, Everglades 
ational Park, Fla., illus. 


476 
Mangrove tree (bot.) 4-91, 139, 
hore 2-214 
Man ‘agan, crater, Can. 
306 
Man orbital research labo- 
tory see MORL 
Man: orbital space station 
MOSS 
Man scientific orbital labo- 
ory see MSOL 
Mans Spacecraft Center, 
iston, Tex., illus. 
412 
MAN} D SPACE FLIGHT 
73-84 
{lights 1-277 fol. 
stations 1-286 
Man er (instru.) 3-195; 
3-195 
Mani nily (fish) 4-326 
Mani part of logarithm) 
1 
Manti: ol.) 4-216 
Manii the earth 1-100; 
56 fol.; illus. 2-23 
ots 2-26 
c mantle 2-272 
Man the moon see Rego- 
Manu!ciured gas 2-333, 343 
Manu fertilizer) 4-157 
Map 
A ator projection 1-385; 
5. 1-384 
ir triangles used in 
iapmaking 1-372 
Maple (\ree) 4-174; illus. 
4-120, 175 
fruit, ius. 4-165 
leat, illus. 4-66 
seeds 3-481 
silver maple leaf, illus. 
4-164 


Maraging steel 6-56 
Marble (rock) 2-18, 51; illus. 
2-17, 48 
Marchantia (bot.) 4-57; illus. 
4-57 
Marconi, Guglielmo (It. eng.) 
3-251; illus. 6-175 
Margay (zool.) 5-106 
Maria (Martian features) 1-119, 
120 
Maria (moon features) 1-106, 
111 fol., 301, 307, 311 
formation 1-315 
Mariana Trench, Pac. O. 2-264 
Marijuana (drug) 5-433, 436; 
illus. 5-431 
laws 5-437 


Marine biology 2-225 
bioluminescence 3-432 
deep-sea exploration 

2-275 
water pollution 2—492 

Marine mammal 
harvesting 2-411 

Marine Mammal Protection Act 

(U.S.) 2-411 

Mariner (spacecraft) 1-267, 268 

Mariner 10 space probe 
Mercury 1-92 

Marine resources, Conserva- 

tion of 2-410 

Marine safety 
radar 6-197 

Mariotte, Edme (Fr. sci.) 2-168; 

3-205 
Marisat (communications satel- 
lite) 1-266, 272; illus. 
1-267 
Marius Hills (moon feature) 
1-307, 315 
Markert, Clement L. (Amer. 
biol.) 3-510 
Marks, Dr. Hirsch 6-349 
Marmoset (zool.) 5-136; illus. 
3-481; 4-459; 5-134 
Marmot (zool.) 5-38 
Marocrocytis pyifera (bot.) 
4-40 
MARS (planet) 1-117—22, 83, 
86; illus. 1-1, 6, 446 
circular velocity 1-252 
Copernicus’ theory 1-81 
escape velocity 1-252 
life 1-321; 3-329 
satellites 1-84 
space probes 1-262, 268 
Viking experiments 1-322 

Marsh 
conservation 2-405 

Marshall, Robert (founder of 

Wilderness Society) 
2-478 

Marsh bird (zool.) 4-418 

Marsh gas see Methane 

Marsh hawk (bird) 4-387; illus. 


4-384 
Marsh marigold (bot.), illus. 
4-66 
Marsupial (zoo!.) 3-482; 5-5, 
13, 18 
fossils 4-486 


Marsupial mole (zool.) 5-23 

Marsupicarnivora (zool.) 5-13 

Marten (zool.) 5-86 

Mascon (mass concentration) 
1-311 

Mason Act (New York) 2-495 

Mason bee (insect) 4-272 

Mass (phys.) 3-8, 166, 349, 357 

conservation, laws of 

3-316 


Mass (cont.) 
earth 3-167, 168 
elementary particles 3-311; 
table 3-323 
Fitzgerald-Lorentz contrac- 
tion 3-354 
momentum 3-177 
star 1-185 
Mass-energy equation (phys.) 
3-8, 349, 356 
Mass-luminosity law (astron.) 
1-185, 187; graph 1-182 
Mass peristalsis (physiol.) 
5-238 
Mass production 
automobiles 6-72, 86 
Mass ratio (rocketry) 1-252 
Mass spectrometer (instru.), 
illus. 2-284 
Mastigophora (biol.) 4-191 
Mastodon (paleon.) 4-489; 
5-111 
Mastrofini, Marco (It. priest) 
1-173 
Matching Familiar Figures 
Test (psych.) 5-296; illus. 
5-294 
Match-needle (manual) expo- 
sure control (phot.) 
6-247 
MATHEMATICS 1-332-37 
algebra 1-352 
analytic geometry 1-391 
arithmetic 1-346 
binary numerals 1-446 
calculus 1-431 
game theory 1-424 
non-Euclidean geometry 
1-401 
numerals 1-338 
plane geometry 1-366 
probability 1-414 
set theory 1-438 
solid geometry 1-380 
statistics 1-404 
symbols 6-389 
trigonometry 1-386 
Matte (metal.) 6-36 fol. 
MATTER 3-21-28; 2-9 
atom 3-46 
black holes 1-242, 244 
conservation, laws of 3-7, 
316 
continuous-creation theory 
1-15 
kinetic theory of 3-11 
outer space 1-317 
states of 3-11 
Matter waves (phys.) 3-338, 
339; illus. 3-337 
Matthews, D. H. (Brit. 
oceanog.) 2-24 
Mattingly, Thomas K. (Amer. 
astro.) 1-278 
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Mauna Loa, volc., Haw. 2-63; 
illus. 2-26 
Maury, Matthew Fontaine 
(Amer. nav. off. and 
oceanog.) 2-225 
Maxim, Hiram Percy (Amer 
inv.) 6-190 
Maxima (calculus) 1-436 
Maximin (game theory) 1-427 
Maximum-minimum thermom- 
eter 3-201; illus. 3-201 
Maxwell, James Clerk (Scot. 
phys.) 
light, nature of 3-250 
Saturn 1-134 
Mayan civilization 
calendar 1-169 
numerals 1-345 
May beetle (insect) 4-284 
May fly (insect) 4-262 
Mayonnaise 
colloidal phenomena 
3-114; illus. 3-115 
McCarthy, George L. (Amer 
inv.) 6-256 
McCay, Dr. C. M. (Amer. phys- 
iol.) 5-362 
McDivitt, James A. (Amer. as- 
tro.) 1-277, 278 
McMath solar telescope 1-53: 
illus. 1-40 
McMillan, E. M. (Amer. phys.) 
6-362, 363 
Mealy bug (insect) 4-158 
Mean (statistics) 1-410, 411, 
414 
psychological research 
5-406 
Meander (stream winding) 
2-184, 420, 424; illus. 
2-185, 420 
Mean deviation (statistics) 
1-412 
Mean solar time (astron.) 
1-24 
Measurement 
acceleration due to gravity 
3-167 
experiments 3-411 
metric system 6-391, 393 
units and symbols 6-390 
U.S. weights and measures 
6-392 
See also names of measur- 
ing devices 
Meat substitute (food) 5-386 
Mechanical advantage (phys.) 
3-155 fol. 
Mechanical engineering 6-7 
Mechanics (phys) 3-9 
engineering, history of 
6-12 
Median (statistics) 1-410, 411, 
414 
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Medicine 
allergies 5-444 
antibiotics 5-480 
bacteria 4-26 
body, defenses of human 
5-253 
computer applications 
1-474 
cryogenic applications 
6-331 
cybernetic applications 
6-372 
drug abuse 5-431 
electricity, medical applica- 
tions of 2-397 
environmental pollution 
2-455, 462 
health 5-364 
insects’ effect on human 
health 4-257 
Nobel Prize winners 6-381 
nuclear medical techniques 
2-372 
organ transplants 5-460 
psychosomatic medicine 
5-417 
radioisotopes 3-327 
recombinant DNA products 
3-506 
ultrasonics 6-291 
viruses 3-396 
See also Disease 
Mediterranean Sea 
pollution 2-461 
Salinity, illus. 2-226 
Mediterranean cypress 
4-168 
Medulla oblongata (anat.) 
5-269 


Medusa (z001.) 4-201, 202 

t (2001,) 5-94 

Megakaryocyte (physiol.) 
5-202 


Megalopolis (urban area) 
2-456 
Megameteorite (astron.) 1-164 
Meiosis (biol.) 3-459; illus. 
3-460, 462 
Melamine-formaldehyde (plas- 
tic) 6-276, 278 
Melanin (pigment) 5-170, 173 
Melanoma (med.) 5-473 
Melody (mus.) 3-274 
Meloidae (entom.) 4-287 
Melting point (phys.) 3-19, 205 
Membrane 
cell surfaces 3-431, 446; 
4-2 


diffusion of particles 
through membranes 
3-107 fol. 
Memorizing (psych.) 5-412 
MEMORY 5-309-15 
Memory-span test 5-311 


Memory unit (computer) 1-464, 
465, 476; illus. 1-473 
microprocess 6 146, 
148, 149 
Menadione (vitar 5-377 
Mendel, Gregor Johann (Aus. 
bot.) 3-496; 5-338; illus. 
5-338 
Mendeleev, Dmitri 
(Russ. cher 
3-30 
Mendelevium (e! 3-41 
Mendel's laws (9 5) 
5-338; fii 339 
Meninges (anat ) 5-; illus. 
5-271 
Meningitis (dise 5-273 
Meniscus lens (0; ) 6-301; 
illus. 6-3 
Menopause (pt 5-357 
Menstruation (physio! ) 5-319, 
356 
Mental association (psych.) 
5-412 
Mental illness (psych ) 5-297 
megavitamir rapy 5-377 
Mental philosophy 5-404 
Mercalli Intensity Scale (seis- 
mol.) 2-34. 3 
Mercaptan (cher 
Mercator, Gerardus (( 
dus) (Flem. ge 
Mercator projectior 
1-385; i//us 4 
Mercuric oxide (chem 
62, 64, 66, € 
Mercury (elem) 3-2 
air pollution 2~30( 
amalgamation process 
6-33 
boiling point 3-16 
density 3-183 
dry cell 3-151 
ion-drive rocket 1-251 
manometer 3-195 
melting point 3-206 
specific gravity 3-184 
superconductivity 3-369 
thermometers 3-199 
water pollution 2-458, 493 
MERCURY (planet) 1-90-93, 
83, 86 
life 1-321 
perihelion 1-89; 3-359 
space probes 1~268 
Mercury (spacecraft) 1-280 
Mercury-arc lamp 2-396 
Mercury barometer see Barom- 
eter 
Mercury poisoning (med.) 
2-458 
Mercury thermometer see 
Thermometer 
Merganser (bird) 4-421 


anovich 
29; illus. 


Meridian (geog.) 1-19, 20 
Merisiem (bot.) 4-3, 76, 77; 
J5. 4-4,77 
Mermsid's purse (ichth.), illus. 
4-317 
Merostomata (zool.) 4-237 
Merriam elk (zool.) 2-485 


Mesa (9201.), illus, 2-481 

Mesa Verde National Park, 
o., illus. 2-279 

Meser: syme (tissue) 


cclenterates 4-201 
t in embryo 5-325 
ges 4-198 fol. 
Mesentery (embryol.) 5-325 


Meseta, plateau, Spain 2-90; 
Js. 2-88 

Mesocerm (embryol.) 3-422; 
420; illus, 5-321 

Mesod 


mal somite (embryol.) 
322 


Meson (ohys.) 3-312, 314, 323, 


c rays 1-227, 228 


f 3-345, 346 
quarks 3-321 
Mesoncnhros (embryol.) 5-325 
Mesopiyll (bot.) 4-100 
Mesosphere (atmospheric 
yer) 1-99; 2-111; illus. 
108 
Mesozos (zool.) 4-185 
Mesozoic era (geol.) 2-282, 283 
fc 4-483 
Mesquite (bot.) 2-178; illus. 
2-178 
Messier, Charles (Fr. astron.) 
Catalogue of nebulae 1-217 


Messier 31 (galaxy) see Great 
Spiral in Andromeda 
Messina, Strait of 
whiripool 2-248 
Metabolic pathway 3-428 
Metabolism (physiol.) 3-428; 
5-389 
gout 5-457 
inborn errors of 3-503 
plant 4-71 
sleep 5-400 
Metacarpal bone (anat.) 5-183; 
illus. §=182, 183 
METAL 3-76-85 
building material 6-23 
corrosion 3-152 
crystal structure 3-121; 
illus, 3=120 
electrochemical reactions 
3-143 
metallurgy 6-27 
steel 6-41 
superconductivity 3-367, 
369 
Metallic wood borer (insect) 
4-282 


Metalloid (chem.) 3-76 
Metallurgical engineering 6-8 
METALLURGY 6-27-40 
steel 6-41 
Metal poisoning (med.) 2-459 
Metamorphic foliation (geo!.) 
2-18 
Metamorphic rock (geol.) 2-17, 
50, 51,6 
earth 1-100 
Metamorphism (geol.) 2-41 
Metamorphosis 
ants 4-267 
butterflies and moths 
4-290 
frog 4-333, 334; illus. 4-333 
insect 4-255 
monarch butterfly, illus. 
4-289 
wasp 4-275 
Metanephros (embryol.) 5-325 
Metaphase (biol,) 3-395; illus. 
3-392,393 
Metastasis (med.) 5-472 
Me al bone (anat.) 5-186; 
illus. 5-184, 185 
METEOR (astron.) 1-161-67, 
86, 18 
atmosphere 2-106, 111 
comet 1-151, 152 
moon 1-301 
Perseids 1-34 
radio astronomy 1-61 
Meteor (hydrofoil) 6-134 
Meteor Crater, Ariz. 1-306 
METEORITE (astron.) 
1-161-67, 86; 2-58; illus. 
1-6, 160, 320 
lunar crater formation 
1-306 
moon 1-301, 309, 315 
organic matter 1-320 
spacecraft, collisions with 
1-275 
Meteorological tide (oceanog.) 
2-254 
Meteorology (sci.) 2-113 
atmosphere 2-105 
clouds 2-145 
fog 2-145 
lightning 2-138 
thunder 2-138 
wind 2-126 
See also Weather 
Meteor showers 1-165 
list 1-166 
Meter, Electric see Electric 
meter 
Methadone (drug) 5-432 
maintenance for rehabilita- 
tion of drug users 5-437 
Methane (chem.) 3-52; illus. 
3-52, 132 
coal mines 2-328 


Mathane (cont.) 
comets 1-152 
Jupiter 1-125 
methane fuel from waste 
conversion 2-376 
natural gas 2-340 
planetary atmosphere 
1-318, 319 
Saturn 1-131 
Methane series (chem.) 3-132 
Methanol (chem.) 
synthesis, illus. 6-264 
synthesis gas 6-264 
Methanometer (instru.) 2-329; 
illus. 2-329 
Methaqualone (drug) 5-432 
METRIC SYSTEM 6-391-392 
Mexican bean beetle (insect) 
4-281 
Mexico, Gulf of 
tides 2-244 
Mexico City, Mex. 
air pollution 2-461 
Miacid (paleon.) 4-475; 5-77, 
85 


Mica (min.) 2—13, 18, 50, 51 
beach sands 2-207 fol. 

Mica schist (rock) 
mountains 2-84 

Michelson, Albert A. (Amer. 


phys.) 
speed of light measure- 
ments 3-351 


Michigan, Lake, U.S. 
blowouts (sand formations) 
on shores 2-429 
Microcomputer 6-146 
Microfiche 6-260; i//us, 6-258, 
260 
MICROFILM 6-254-60; 1-458 
Microgroove (phonograph rec- 
ord) 6-214 
Micrometeorite (astron.) 1-162 
Micrometeoroid 
space stations 1-291 
Micrometeorology (sci.) 2-110 
Microphone 
radio broadcasting 6-178 
sound recording 6-214 
MICROPROCESSOR (electron.) 
6—146—48; illus. 1-331; 
6-1 
designs, illus. 1-474 
MICROSCOPE (instru.) 
6-299-315 
dark-field microscope, 
illus. 3-110 
Hooke's microscope, illus. 
3-384 
optics 3-293 
ultramicroscope 3-109, 110 
ultrasound microscope, 
illus. 6-288 
X-ray microscope 6-347 


INDEX 


457 


458 


MICROSCOPE, HOW TO USE A 
6-316-27 
Microtome (instru.) 6-304 
Microtubule (biol.) 3-389 
Microwave (electron.) 3-254; 
illus. 3—249 
Microwave network (teleg.) 
6-166 
Microwave oven, illus. 3-255 
Microwave radio relay system 
(tel.) 6-173 
Microwave relay (TV) 6-208 
Midas (spacecraft) 1-266 
Mid-Atlantic ridge 2-266; illus. 
2-58; map 2-19 
Midbrain (anat.) 5-269 
Middle Ages 
building technology 6-24 
engineering 6-11 
Middle ear (anat.) 5-281 fol.; 
illus. 5-281, 282 
Middle stairway (anat.) 5-283 
Midge (insect) 4-264 
Midgley, Thomas, Jr., (Amer. 
chem.) 3-34 
Midgut (embryol.) 5-323 
Mid-oceanic ridge 2-266, 270, 
275; illus. 2-21; map 2-19 
earthquakes 2-28 
plate tectonics 2-22 fol., 
26, 27 
Midwife toad (zool.) 3-482; 
4-334; illus. 3-482 
Migraine headache (med.) 
5-419 
Migration of animals see Ani- 
mal migration 
Mildew (bot.) 4-46, 48 
Military engineering 6-12 
Military seach radar 6-197 
Milk 
curdling 3-114 
homogenized 3-115 
Milking of cows 
vacuum pumps 3-194 
Milk sugar see Lactose 
Milk tooth see Deciduous tooth 
MILKY WAY (galaxy) 1-206-14, 
19, 33, 34, 180, 188; illus. 
1-63, 203 
interstellar space 1-200, 
203, 204 
radio stars 1-62 
sun 1-65 
Millardet, Alexis (Fr. mycolo- 
gist) 4-46 
Millikan, Robert A. (Amer. 
phys.) 
cosmic rays 1-224 
Milling (metal.) 6-29 
Millipede (zoo|.) 4-249; illus. 
4-250 
fossils 4-481 
larvae 3-467; illus. 3-468 


INDEX 


Mimas (astron.) 1-135 
Mimicry (biol.) 3-480 
Minamata Bay, Jap. 
mercury contamination 
2-459 
MINERAL 2-38-46 
beach sands 2-209 
conservation 2-412 
crystals 1-380 
flotation process 3-116; 
illus. 3-116 
geological time scale 
2-280 fol. 
identification 2-48 
igneous rocks 2-13 
metallurgy 6-27 fol. 
moon 1-310 
petroleum 2-304 
protoplasm 3-381 
MINERAL (nutrition) 5-382-83; 
3-383, 385 
vegetables 4-146 
MINERAL COLLECTING 
2-47-49 
Mineralogy 2-9 
prospecting 6-28 
Mineral water 2-173 
Mineral wool 
home insulation 3-209, 210 
Miner's pan 6-28 
Minima (calculus) 1-436 
Minimax (game theory) 1-427 
Mining, illus. 6-29 
coal 2-323 fol. 
dust diseases 2-470 
environmental effects 
2-298, 301, 464 
ore deposits 6-29 
waste 2-376 
Mining engineering 6-8 
Mining geology 2-9 
Minivet (bird) 4-430; illus. 
4-430 
Mink (zool.) 5-88; illus. 5-85 
endangered species 2-485 
Minke whale (zool.) 5-56 
Minkowski, Hermann (Ger. 
phys.) 3-353 
Minnesota Multiphasic Per- 
sonality Inventory 
(psych.) 5-293; illus. 
5-293 
Minor planet see Asteroid 
Minot, George R. (Amer. path.) 
5-373 
Miocene epoch (geol.) 2-283, 
284 


Mira (star) 1-35, 196, 197 
Miranda (astron.) 1-137; illus. 
1-140 
Mirror 3-283, 287; illus. 3-283, 
284, 288, 294 
telescopes 1-38, 29 
X-ray astronomy 1-175 


Mirror machine | 
illus. 3-36 
magnetic we 366 
Mirzam (star) 1-1 
Misible solution ( 
Missile 1-246 í 
guidance 1- 
Mission Contro! 
ton, Tex.. i 256 
Mississippian p Jeol.) 
2-281 
fossils 4—4£ 
Mississippi-Mis iver 
system, U 39 
Mississippi Rive 
419 
flood contre 
Mississippi Valle 
prairie regio 
Missouri River, orks, 
Mont., illu. 31 
Mist (meteoro!.) 
Mistletoe (bot.) 
Mistral (wind) 2 
Mitchell, Edgar r 
astro.) 1 
Mitchell Caves 
Mite (zool.) 4- 
Mitochondria (t 
illus. 5-1 
Mitosis (biol.) 3 19 
4-78; 5-1 
392, 393, 46 
Mixed number (rr 1-349 
Mixed tide (ocea 2-244 
Mixing basin 2—4 s 
2-440 
Mixture (chem.) 3 
Mnemonic device 15 
Mnium (moss) 4-5! 
Mockingbird (z00!.) 4-433; 
illus. 4-431 
Mode (statistics) 1-409, 411, 414 
Modem 6-149 
Moderation (neutron-slowing 
process) 2-364 
Modifier (plastics indus.) 6-277 
Moebius Strip (math.), illus. 
1-334 
Moeritherium (paleon.) 5-110 
Moks, Friedrich (Ger. min.) 
2-41, 43 ‘ 
Mohs’ hardness scale (min.) 
2-41, 44, 48; 3-28 
Molar (tooth) 3-476; 5-245; 
illus. 5-245 
Mold (bot.) 4-43, 48; illus. 4-44, 
51 
black-bread mold 4-47: 
illus. 4-47 
caves 2-103 
exobiological experiments 
1-322 
slime mold 4-45 


) 3-365; 


Mole (zool.) 5-27; illus. 5-26, 


28 
Mo!«cular formula (chem.) 
3-52 
Mo) cular orbital (phys.) 3-340 
Mc ule 3-10 fol., 21 fol., 47, 


311 
emical symbols 3-62 
/stals 3-118 
NA and RNA 3-497 
tropy, illus. 3-218 
ell 5-286 
lutions 3-100 fol. 
nd waves 3-257 
ter 3-86 fol.; illus. 3-88 
ter molecule changes 
ver temperature range, 
able 3-92 
Mo l (soil) 4-18 
MO SK (zool.) 4-216-26, 
37 


ptations 3-480 
uminescence 3-433, 


s 2-103 
is 4-480 
Mo (communications sat- 
lite) 1-270 
Mo!» <h (zool.) 4-345 
Mo. zool.) 5-7 
»rflies and moth 4-290 
kes 4-350 
Moi num (elem.) 3—41 
imaking 6-53 
Mow tum (phys.) 3-177, 316 
Mo rock (geol,) 2-424 
Mor ock, Mount, N.H. 2-424 
Mon ch butterfly (entom.) 
4-293, 473 
e cycle, illus. 4-289 
Mons! metal (alloy) 3-5, 99 
Monera (bact.) 4-22 
MONGOOSE (zool.) 5-94-95 
Monitor (zool.) 4-343 
Monkey (zool.) 5-135; 2-486 
executive monkey study 
5-420 
fossils 4-488 
intelligence 4—459 
Monkey puzzle (tree) 4-169 
Monkfish see Angelfish 
Monk seal (zool.) 2-489 
Monoceros (constellation), 
illus. 1-211 
Monoclinic system 3-123; 
illus. 3-122 
Monocotyledon (Monocot) 
(bot.) 4-68, 97; illus. 
4-66, 68 
Monocular microscope 
(instru.) 6-304 
Monoculture (agr.) 2-410 
Monocyte (physiol.) 5-201 
Monoecious plant (bot.) 4-106 


Monomer (chem.) 6-274 
Monosaccharide (chem.) 
3-385 
Monotreme (zool.) 5-5, 13, 16 
Monotype (mach.) 6-230 
Monsoon (wind) 2-116, 128 
ocean currents 2-254 
Monsoon Drift (ocean current) 
2-254, 258 
Monterey Canyon, submarine 
canyon, Calif. 2-263 
Monterey cypress (tree) 4-168 
Montgolfier, Joseph-Michel 
and Jacques-Etienne 
(Fr. inv.) 6-100 
Month (time period) 1-108, 168 
fol. 
Monthly clock and rhythm 
(biol.) 3-441 
MOON (astron.) 1-106-16, 18; 
illus. 1-143, 263, 273 
age 1-313 
calendar 1-168, 173 
eclipse 1-143, 10, 142, 148 
formation and evolution 
1-314 
geology 1-304 
gravitational force 3-164, 
171; illus. 3-165 
moon exploration 1-295, 
276 
space probes 1-267 
tides 2-241, 243 fol. 
MOON, Exploration of the 
1-295, 267, 276 
MOON, Geology of the 
1-304-15, 111 fol., 282 
Moonrat (zool.) 5-29 
Moon rock 1-308, 302, 282; 


illus. 1-304, 306 fol., 311, 


312 
dating methods 1-313 
electron micrograph of 
sample, illus. 6-314 
Moose (zool.) 5-123; illus. 


5-122 
Moraine (geol.) 2-194, 200; 
illus. 2-195 


seashores 2-211 
Morel (bot.) 4-49 
MORL (space station) 1-289 
Morley, Edward W. (Amer. 


phys.) 
speed of light measure- 
ments 3-351 


Mormon Tabernacle, Salt Lake 
City, Utah 1-378 

Morpho (butterfly) 4-289, 293; 
illus. 4-292 

Morrison, Charles (Scot. Phy.) 
6-163 

Morse, Samuel F. B. (Amer. 
inv.) 6-163, 164 

telegraph 6-13 


Morse code 6-164 
Mortar (metal.) 6-33 
Morula (embryol.) 5-319 
Mosasaur (paleon.) 4-486 
Mosquito (insect) 4-264 
malaria 4-195 
mouth parts 3-478 
MOSS (bot.) 4-54-60 
MOSS (space station) 1-289 
Moss animal (zool.) 3—471 
MOTH (entom.) 4-288-95 
defensive flight pattern 


3-452 
Mother-of-pearl (zool.) 4-219, 
225 
MOTION (phys.) 3-172-82 
planets 1-88 


relativity theory 3-350 
Motion, Newton's Laws of 
3-163 
rockets 1-246 
Motivation (psych.) 5-413 
Motmot (bird) 4-409 
Motor 
electric motor 2-397 
rockets 1-249, 250 
Motor area (anat.) 5-267; illus. 
5-269 
Motor fiber (anat.) see Efferent 
fiber 
Motor learning (psych.) 5-311 
Motor neuron (anat.) 
cat's spinal cord, illus. 
5-267 
Moulton, Forest Ray (Amer. 
astron.) 
planetesimal hypothesis 
2-3 
MOUNTAIN (geol.) 2-75-85 
clouds 2-147, 149 
formation 2-25 
glaciers 2-190 
island arcs' similarities to 
mountain ranges 2-217 
moon 1-113 
volcanoes 2-62 
water storage 2-180 
wind 2-132 
Mountain, Submarine 2-266 
Mountain glacier 2-191 fol.; 
illus. 2-191, 196, 198 
crevice, illus. 2-202 
Mountain gorilla (z00l.), illus. 
2-486 
Mountain lake basin 2-197 
Mountain lion see Puma 
Mountain pass 
formation 2-193 
Mount Hopkins Observatory, 
Ariz. 1-44 
Mount St. Helens see Saint 
Helens, Mount 
Mount Wilson Catalogue (star 
survey) 1-209-10 


INDEX 


459 


460 


Mount Wilson Observatory, 
Calif. 1-44, 53; illus. 
1-46 
Mourning dove (bird) 4-397; 
illus. 4-398 
Mouse (zool.) 5-40 
cloning 3-510; illus. 3-510, 
512 
Mousebird (zool.) 4-408; illus. 
4-408 
Mouth (anat.) 5-220 
photomicrographs of 
mucous membrane, illus. 
6-308, 309 
Movement, Plant 4-4 
MPU see Microprocessor 
MSOL (space station) 1-289 
MSS (space station) 1-290 
Mucor see Black bread mold 
Mucous membrane (anat.) 
5-254 
nose 5-285; illus. 5-285 
photomicrographs of, illus. 
6-308, 309 
uterus 5-319 
Mud (geol.) 2-15, 16 
Mud snake (zool.) 4-353, 354 
Mud volcano 2-65 
Muffler (auto.) 6-78; illus. 6-78 
Muir, John (Amer. nat.) 2-477, 
478 
Mulberry (tree) 4-174 
fruit, illus. 4-165 
Mule deer (zool.) 5-122; illus. 
5-120 
Multilevel rack (railroad) 6-90 
Multimatic Wall (kitchen-appli- 
ance center) 2-344 
Multiple fruit (bot.) 4-112 
Multiple-Mirror Telescope, Mt. 
Hopkins, Ariz. 1-39, 49 
Multiple sclerosis (med.) 5-274 
Multiple Use and Sustained 
Yield Law (U.S.) 2-478 
Multiple-use concept (for.) 
Multiplex telegraphy 6-166; 
illus. 6-167 
Multiplex telephony 6-173 
Multiplicand (math.) 1-347 
Multiplication (math.) 1-347 
algebra 1-353, 354 
binary numerals 1-446, 450 
logarithms 1-360 
Multiplier (math.) 1-347 
Multipurpose space station 
see MSS 
Multivalent vaccine (med.) 
3-401 
Mu meson (phys.) see Muon 
Mung bean noodles, illus. 
5-386 
Munsell color atlas 3-308 
Muntjac (zool.) 5-118 


INDEX 


Muon (phys.) 1-228; 3-314, 
346, 354 
Muridae (zool.) 5-40 
Murphy, William P. (Amer. phy.) 
5-373 
Murray, Henry (Amer. psych.) 
5-293 
MUSCLE (anat.) 5—187-97, 149, 
159, 161; illus. 5-164 
alcoholism’s effects on 
5-427 
baby and child, develop- 
ment in 5-352 
bioelectricity 3-449 
changes with age 5-357 
colloid gel 3-114 
exercise 5-389 fol. 
human embryo, develop- 
ment in 5-322 
measurement of muscle 
contraction, illus. 3-445 
relaxation in preparation 
for sleep 5-399 
Muscle fiber (anat.) 5-187, 193 
fol.; illus. 5-197 
Muscle sense (physiol.) see 
Kinesthesia 
Muscle tonus 5-265 
Musgrave, Story (Amer, astro.) 


1-279 
Mushroom (bot.) 4-51, 50; illus. 
4-9, 52 
bioluminescence 3-432 
caves 2-103 


Musical instruments 3-276 
MUSICAL SOUND 3-271-80 
Music synthesizer 6-150 
Musk (animal secretion) 5-25, 

93,117 

Musk deer (zool.) 5-117 

Muskrat (zool.) 5-41 

Musk shrew (zool.), illus. 
5-25 

Mussel (zool.) 4-222; illus. 
2-267 

Musth (zool.) 5-110 

Mutation (biol.) 3-463, 466, 

499; 5-342; illus. 

3-465 
bioluminescence 3-436 
cloning 3-511 
virus 3-396, 400 

Mycelium (bot.) 4-43, 48, 50 
Mycology (bot.) 4-43 
See also Fungus 
Mycorrhizal root (bot.) 4-90, 
45, 49 
Myelin sheath (anat.) 5-262 
270; illus. 5-262 
Mynah (bird), illus. 4-442 
Myopia (ophthal.) see Near- 
sightedness 
Myxameba (bot.) 4-46; illus. 
4-45 


Myxomycetes (bo 
mold 
Myxomycota (bot.) 4-9 


see Slime 


N 


Nacre see Mother earl 
Nadir (astron.) 1- 
Nafud, desert ar rabia 
2-92 
Naiad (entom) 4 
Nail, Human 5 
Nansen, Fridtjof əxpl.) 
ocean curre 53 
Naphthalene (ch > 334 
Narcissus (bot) 4-68 
Narcolepsy (di ©) 5-402 
Narwhal (whale) 5-59 
NASA see Natic ynautics 
and Space inistration 
Nasal cavity (anat 177; 
illus, §-22: 
Nassau grouper 
illus. 4-19 
Nasser, Lake, /// 103 
National Aeronay cs and 
Space Adm tration 
(NASA) (i 
communicat 
1-269, 
extraterrestria 
325 
space station: 10 
National forest 2 
National Gallery of Art, Wash- 
ington, D.C.. illus. 6-10 
National Meteorological Cen- 
ter, Suitland, Md. 2-123 
National Oceanic and Atmos- 
pheric Administration 
(U.S.) 
weather satellites 1-266 
National Ocean Survey (U.S.) 
2-248 
National Parks Branch (Can.) 
2-480 
National Weather Service 
(U.S.) 4-123 
National Wilderness Preserva- 
tion System 2-476 
Native cat (zool.) 5-20, 24 
Natu, W. J. H. (Du. physiol.) 
5-397 
Natural bridge (geol.) 2-98, 99, 
421; illus. 2-421 
Natural childbirth 5-329 
NATURAL GAS 2-336-45, 294, 
297, 299, 307, 311, 314 
derivatives 6-264 
storage, illus. 2-298 
Natural immunity 5-258 
Natural resources, Conserva- 
tion of 2-400 


4-456; 


atellites 


1-320, 


Natural selection (biol.) 3-464, 
458, 465 
Darwin, C. 3-456, 457 
Natural Tunnel, Va. 2-104 
Nautical measure 6-392 
Nautilus (zool.) 4-219 
Naval Observatory, U.S. 1-49 
Navigation 
nimals’ direction finding 
3-442 
jeometry's use in 1-376, 
379 
ocean currents 2-259 
ilites, artificial 1-266 
pace guidance 1-254 
Neanderthal man, illus. 3-474 
Ne ide 1-110; 2-242; illus. 
2-246 
Nearsightedness (ophthal.) 
279; illus. 5-278 
Nebula, illus. 1-2, 9, 179, 182, 
201, 202, 210 fol. 
italogues 1-217 
laxies 1-215 
stellar space 1-200 fol. 
also Dark nebula 


Nebular hypothesis (astron.) 
3, 4; illus. 2-4 
Neckam, Alexander (Eng. sci.) 
3-242 
Neckione see Cervical vertebra 
Neddermeyer, S. H. (Amer. 
hys.) 1-227 
Needle (bot.), illus. 4-163 
Negative (photo.) 6-241, 250, 
Negat ve acceleration see 
sceleration 
Negative charge (elec.) 3-221 
Negative integer (math.) 
350 
Negative picture transmission 


) 6-211 
Negative umbra (astron.) 
1-142, 145; illus. 1-142 
Nekton (biol.) 2-232; illus. 
2-230, 231 
Nemathelminth (zool.) see 
Roundworm 
Nematocyst (zool.) 4-201, 202 
Nemertea (zool.) 4-185 
Neodymium (elem.) 3—41 
Neomycin (antibiotic) 5-482 
Neon (elem.) 3-41 
atomic structure 3-49 
signs 3-194 
Spectrum of neon gas, illus. 
3-335 
Nepal 
wilderness preservation 
2-481 
NEPTUNE (planet) 1-138-40, 
83, 86 


discovery 1-89; 3-165 


NEPTUNE (cont.) 
life, unsuitability for 1-322 
satellites 1-84 
Neptune's family of comets 
1-156 
Neptunium (elem.) 3-41 
Nereid (astron.) 1-139; illus. 
1-139 
Nereocystis leutkeana (bot.), 
illus. 4-38 
NERVA program (U.S. space 
research) 1-251 
Nerve cell (anat.) 3-448; 
5-261; illus. 5-262 
sleep-wakefulness cycle 
5-397 
Nerve center see Ganglion 
Nerve deafness 3-268 
Nerve fiber (anat.) 3-447, 448; 
5-261; illus. 5-262 
impulse, illus. 3-447 
sea snail, illus. 5-261 
spinal cord 5-270 
Nerve impulse (physiol.) 
3-447; illus. 3-447 
NERVOUS SYSTEM (anat.) 
5-261-74, 161; 3-473 
baby, development in 
5-354 
bioelectricity 3-447 
exercise 5-392 
human embryo, develop- 
ment in 5-321 
muscle activity, control of 
5-190; illus. 5-191 
sleep-wakefulness cycle 
5-397 
Nervous tissue (anat.) 5—160; 
illus. 5-161 
Nest (zool.) 4-458 
ant, illus. 4-269 
birds 4-375 
fish 4-314 
mole 5-28 
spider, illus. 4-241 
wasp 4-274 
Nesting box 4-449; illus. 4-450 
Netherlands 
deltas 2-186 
Nettle (bot.), illus. 4-6 
Neural arch (anat.) 5-178 
Neural tube (embryol.) 5-321 
Neurilemma (anat.) 5-262; 
illus. 5-262 
Neuroglia (anat.) 5-266 
Neurology (med.) 5-273 
Neuron see Nerve cell 
Neurosis (psych.) 5-298 
Neurospora (bot.) 4-48 
Neutral-buoyancy float 
(oceanog. instru.) 2-252 
Neutral equilibrium 3-171; 
illus. 3-170 
Neutralization (chem.) 3-96 


Neutral shoreline (geol.) 2-210 

Neutrino (phys.) 1-70; 3-311, 
314 

Neutron (phys.) 1-299; 2-358 
fol.; 3—48, 51, 53, 221, 
311 fol., 319; illus, 3-51, 


320 
isotopes 3-59 
quarks 3-321 


radioisotopes 3-325, 326 
Neutron activation analysis 
(phys.) 3-328 
Neutron capture (phys.) 1-229 
Neutron-deficient isotope 
(phys.) 3-326 
Neutron-excess isotope 
(phys.) 3-326 
Neutronradiograph 6-349; 
illus. 6-348 
Neutron star (astron,) 1-177, 
188, 232, 234, 235, 241; 
illus. 1-177 
relative size, illus. 1-234 
See also Pulsar 
Neutrophil (anat.) 5-201 
Newcomen, Thomas (Eng. inv.) 
6-57 
Newcomen engine 6-57; i//us. 
6-58 
New General Catalogue (sur- 
vey of nebulae and star 
clusters) 1-217 
New Jersey coast 2-214 
Newspaper printing 6-234, 236 
New style dates 1-172 
NEWT (zool.) 4-330-31, 329, 
336 
life cycle 4-335 
longevity 4-335 
NEWTON, Sir Isaac (Eng. sci.) 
3-161-63, 347; 1-8, 431 
corpuscular theory of light 


3-337 
gravitation, law of 3-164; 
1-88; 2-242 


light, experiments with 
3-248, 295, 337 
mechanics, laws of 3-332 
motion, laws of 3-176 fol. ; 
1-431 
Newtonian universe 3-349 
Newton's prism, compass, 
and manuscript, illus. 
3-295 
observatories 1-46 
static machine 3-226 
telescope 1-7, 38; illus. 
1-37 
tides 2-252 
Newtonian focus (optics) 1-38, 
48 
Newton's law of universal 
gravitation 3-164; 1-7, 
88; 2-242 


INDEX 


461 


462 


Newton's laws of motion 
3-176 fol.; 1-431 
New World hornbeam (tree) 
4-170 
New York Botanical Garden 
Cary Arboretum, illus. 
2-353 
NGC see New General Cata- 
logue 
NGC 224 (galaxy) see Great 
Spiral in Andromeda 
NGC 4565 (galaxy), illus. 1-205 
Niacin (vitamin) 5-371 
Niacinamide (vitamin) 5-371 
Niagara Falls, N.Y.-Can. 2-421 
Cave of the Winds 2-101 
Nickel (elem.) 3-41 
atomic number 3-50 
catalyst 3-73 
earth's interior 2-58, 59 
electroplating 3-147 
meteorites 1-165 
steelmaking 6-53 
Nickel-cadmium battery 3-152 
space vehicles 1-264 
Nickel dioxide (chem.) 3-152 
Nicot, Jean (Fr. statesman) 
5-438 
Nicotiana (bot.) 5-438 
Nicotine (chem.) 5-439, 435 
Nicotinic acid see Niacin 
Nictitating membrane (zool.) 
4-374 
Nielsbohrium (elem.) 3-45 
Nigata, Jap. 
earthquake, illus. 2-30 
Niggli, Paul (Swiss sci.) 2-288 
Night blindness (opthal.) 
5-276, 369, illus. 5-369 
Night-blooming cereus (bot.) 
4-144; illus. 4-107 
Night crawler (zool.) 4-228 
Night dial (timekeeper), illus. 
1-171 
Nighthawk (bird) 4-405; illus. 
4-404 
Nightjar (bird) 4-404 
NIGHT SKY (astron.) 1-17-24 
Nikolayev, Andrian G. (Sov. 
cosmonaut) 1-277, 278 
Nile plover (bird) 4-418 
Nile River 
delta plain 2-423; illus. 
2-422 
flooding 2-187 
Nilgai (zool.) 5-127 
Nim (game based on binary nu- 
merals) 1-452 
Nimbo-stratus cloud 2-155; 
illus, 2-149 
Nimbus (artificial satellite) 
1-266 
1979 J3 (astron.) 1-127 
Niobium (elem.) 3-41 


INDEX 


Niobium-tin alloy 
photomicrograph of nio- 
biumtin wire, illus. 3-371 
superconductivity 3-369; 
6-331 
Nipkow, Paul (Ger. inv.) 6-201 
Nitrate (chem.) 
bacteria 4-27 
Chile 2-93 
water pollution 2—409, 458 
Nitric acid (chem.) 1-249; 
3-73, 98 
Nitrite (chem.) 
bacteria 4-27 
Nitrogen (elem.) 3-41 
atmosphere 1-99, 319; 
2-105 
blood 5—228, 361 
critical temperature 3-17 
fertilizer 6-269 
Haber process 3-67; illus. 
3-67 
lightning's production of 
nitrates for plants 2-143 
melamine, manufacture of 
6-276 
ocean 2-228 
plants 4-73 
soil 4-19 
transformations due to bac- 
teria 4-27 
Nitrogen fixation 4-19, 27 
Nitrogen oxide (chem.) 
air pollution 2-471 
Nitroglycerine 5-217 
Nobel, Alfred Bernard (Swed. 
eng., philanthropist) 
6-381 
Nobelium (elem.) 3-41 
NOBEL PRIZE WINNERS IN 
SCIENCE 6-381-88 
Noble gas (chem.) 3-4, 54 
Noctiluca milaris (zool.) 3-432 
Noctilucent (Night-shining) 
cloud 2-111, 152 
Nocturnal animals and plants 
3-438 
Node (astron.) 1-109 
eclipse 1-143 
Node of Ranvier (anat.) 5-262, 
265; illus. 5-262 
Nodule bacteria (biol.) 4-27 
Noise 3-270 
environmental noise in 
decibels, chart 2-459 
supersonic planes 6-132 
Noise meter 3-261; illus. 
3-258 
Nomenclature 
biology 3-514 
comets 1-154 
moon features 1-113 
stars 1-181 
Noncarbonate hardness 2-446 


Nonelectrolyte (ch 3-100, 
145 
Nones (Rom. date 
NON-EUCLIDEAN ©- OMETRY 
(math.) 1-4 
Nonferrous alloy l.) 6-40 
Nonferrous metalit: sy 6-34 
NONMETAL 3-7¢ 
Nonsense syllable peri- 
ment (psy 311, 
312; illus. 5 
Nonstandard nums ng 
(math.), ill. 1 
Non-zero-sum ga ath.) 
1-429 
Normalizing (me 
steel 6-55 
Normal spiral gal: stron.) 
1-218 
North America 
continental isl 23—216 
North American ! à, illus. 
1-3 
North Atlantic Oc 
currents 2- 9 
North celestial p tron.) 
1-20, 22 
Northeasterly (v 131 
Northeast trade 131 
North Equatoria it 
(ocean cu 3-258 
Northern Cross (c ation) 
see Cygnus 
Northern Crown ( ilation) 
see Corona £ lis 
Northern Hemisphere 
jet streams 2 
ocean currents 2 
seasons 1-102, 
wind 2-131, 132 
Northern lights (astro 
Aurora borealis 
North Pacific Ocean 
currents 2-258 
North Pole (geog.) 1-21, 24 
North Sea 
drilling platform, i//us. 
2-292 
North Star (astron.) 1-24, 104 
Norway maple (tree) 4-175 
Norway rat (zool.) 5—41; illus. 
5-10, 40 
Norway spruce (tree) 4-166 
Norwegian Current (ocean cur- 
rent) 2-258 
Nose (anat.) 5-177, 220, 285 
Notochord (anat.) 4—296 
amphioxus 4—299 
human embryo 5-322 
vertebrates 5-148 
Nova (star) 1-11, 194, 190, 192 
Nova Aquilae 1918 (star) 
1-195; illus. 1-196 
n-type semiconductor 6-144 


on (phys.) 2-381 
re (moon feature) 


ERGY 2-358-71, 
l.: 3-7 
atom smashers 6-356 


electri generation of 
2-38í 39 
fusion energy 2-372; 3-362 
isotopes 3-5 
radiois pes 3-325 
star 1 7 
sun 1 6 
variab ars 1-194 
Nuclear enżineering 6-6 
Nuclear E 1e for Rocket Ve- 
hic! plication (U.S. 
Spé gram) see 
NEF ogram 
Nuclear fis ) (phys.) 2-360, 
368 2-359 
radio! pes 3-326 
NUCLEAR ON 2-372-74; 
stars 1 
sun1 
Nuclear m ane (biol.) 
3-38 
ameba 3-394 
Nuclear po plant 2-368, 
371 llus. 2-298, 
302 372; illus. 6-6 
radioac vastes 2-302 
Nuclear reactor (phys.) 2-361, 
367; ; 2-293, 361, 
369 
rockets 1-251 
space st ns 1-292 
Nuclear rocket 1 251; illus. 
1-250 
Nuclear sap (biol ) 3-389 


Nuclear submarine 2-369 
Nuclear test 
Underground tests’ relation 
to earthquakes 2-29 
Nuclear transfer (cloning) 
3-509 
Nucleic acid (chem ) 3-385 
Virus 3-398 
Nucleolus (biol.) 3-389; illus. 
3-392: 5-158 
Nucleon (phys.) 3-48 
Nucleoprotein (biochem.) 
3-389, 459 
Nucleotide (biochem.) 3-497 
fol., 430; illus. 3-497, 499 
Nucleus (bio) ) 3-382, 388, 389; 
5-158; illus. 5-158 
Cloning 3-509, 511 
Ucleus, Atomic (phys.) 3—48, 
47, 53, 221, 311, 358 
Cosmic rays 1-227 
quarks 3-320 
Silicon atom, illus. 3-50 


Nucleus of a comet 1-149, 150 
Nu-Draconid (meteor shower) 
see Giacobinid 
Nullipore (algae) 2-221 
NUMERALS 1-338-45 
binary numerals 1-446 
Numerator (math.) 1-349 
Numerical aperture (optics) 
6-327 
Nuptial flight 
ants 4-266 
Nurse shark (fish) 4-321; illus. 
4-320 
Nut (bot.) 4-115 
Nutcracker (tool) 3-156 
Nuthatch (bird) 4-438 
Nutrient 
soils 4-19 
Nutrition 
carbohydrates, fats, and 
minerals 5-378 
Proteins and fiber 5-384 
older persons 5-361, 362 
Nutritional anemia 5-203 
Nyiragongo, volc., Zaire, illus. 
2-62 
Nylon (synthetic fiber) 6-271, 
282; illus. 3-130 
magnification of nylon 
stocking, illus. 6-325 
plastics 6-279 
Nymph (entom.) 4-255 


(0) 


Oak (tree) 4-172; illus. 4-173 
classification 3-517 
fruit, illus. 4-165 
leaf, illus. 4-163 
OAO see Orbiting Astronomical 
Observatory 
Oar, Rowboat 3-156 
Oasis 2-91; illus. 2-92, 177; 
4-142 
winds 2-426 
Oberon (astron.) 1-137 
Oberth, Hermann (Ger. rocket 
expert) 1-248 
space stations 1-287 
Objective (optics) 6-303 
telescope 1-38 
Oblique sphere (astron.) 1-22 
OBSERVATORY (astron.) 
1-45-53 
High Energy Astronomy 
Observatory program 
1-175 
list of observatories, with 
telescopes 1-44 
Obsession (psych.) 5-298 
Obsidian (rock) 2-14; illus. 
2-14, 51 
Obtuse angle (geom.) 1-370 


Occipital bone (anat.) 5-176; 
illus. 5-177, 181 
Occipital lobe (anat.) 5-266 
Occ!uded front (meteorol.) 
2-135 
Occultation (astron.) 1-111 
OCEAN 2-223-32, 260-68; 
illus. 2-269 
bioluminescence 3-432 
caves, formation from 
ocean waves 2-101 
currents 2-250 
deep-sea exploration 2-269 
earthquakes 2-31 
fossils 4—479 fol. 
plants 4-135 
plate tectonics 2-22 fol. 
pollution 2-460, 493 
radioisotope studies 3-327 
rift and ridge 2-22, 23; 
illus. 2-21 
seashore, formation of 
2-203 
solar collector 2-352 
springs 2-172 
tides 2-241 
volcanoes 2-75 
waves 2-233 
wind 2-116, 127, 128, 131, 
137 
OCEAN CURRENT 2-250-59 
tracking methods 2-277; 
3-327 
Oceanic island 2-215 
coral reefs 2-219 
volcanic islands 2-218 
Oceanographic ship 2-269, 270 
Oceanography (sci.) see Ocean 
Ocean power plant 2-348 
Ocellus (entom.) 4-252 
Ocelot (zool.) 2-490; 5-105 
Octal numeral system 1-451 
Octave (mus.) 3-275 
Octopus (zool.) 3-480; 4-216, 
218, 219 
Odd parity (phys.) 3-345 
Odessa, Texas 
crater 1-164 
Odor 
animals 4-455 
Oedogonium (bot.) 4-37; illus. 
4-35 
Oersted, Hans Christian (Dan. 
phys.) 
electromagnetism 3-230, 
299; 6-164 
OFFICE AUTOMATION 
6-153-57 
Offset lithography see Photo- 
offset lithography 
Offshore natural gas deposits 
drilling operations 2-340 
pipelines 2-341 
well, illus. 2-345 


INDEX 
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Offshore oil deposits 
continental shelves 2-262 
drilling rigs, illus. 2-292, 

310, 313, 337; 6-9 

OGO see Orbiting Geophysical 
Observatory 

Ohain, Hans von (Ger. aero 
eng.) 6-121 

Ohm (elec.) 3-232 

Ohm, Georg Simon (Ger. phys.) 
3-232 

Oil see Fuel oil; Petroleum 

Oil, Vegetable see Vegetable oil 

Oilbird (ornith.) 4-405; illus. 

2-102 
caves 2-102 

Oil flotation process see Flota- 

tion process 

Oil-immersion microscope (in- 

stru.) 6-326; illus. 6-326 
Oil shale (rock) 2-311; illus. 
2-319 

Okapi (zool.) 5-125; illus. 
5-125 

Oke, J. B. (Amer. astron.) 1-238 

Okefenokee National Wildlife 
Refuge, Ga. 2-479 

OLD AGE 5-359-63 
osteoarthritis 5-456 

Olds, Ransom E. (Amer. auto. 

manufacturer) 6-72, 94 

Old style dates 1-172 

Olfactory cell (anat.) 5-285; 
illus. 5-285 

Olfactory nerve (anat.) 5-285 

Oligocene epoch (geol.) 2-283 
butterflies and moths 

4-289 

Oligochaete (zool.) 4-227 

Olive tree (bot.) 4-175 

Olivine (min.) 2-13, 41 
earth's interior 2-58 
moon 1-310 

Olszewski, Karol S. (Pol. sci.) 

6-328 

Olympic Games 

electronic data processing, 
illus. 1-456; illus. 1-457 
Olympus Mons (Martian mt.) 


1-120 
Omar Khayyam (Pers. poet, 
math.) 1-391 


Omega particle (phys.), i//us. 
3-320 


Ommatidia (entom.) 4-252 
Omnirange system (aero.) 
6-110 
Omnivore (zool.) 3-487 
Onion (bot.) 
magnification of onion 
skin, illus. 3-383; 6-325 
On-line data processing sys- 
tem 1-460, 470 
time-sharing system 1-472 


INDEX 


Onnes, Heike Kamerlingh (Du. 
phys.) 3-369 
Oort, Jan Hendrik (Du. astron.) 
1-150 
Ooze (marine deposit) 2-228; 
illus, 2-228 
distribution in ocean, map 
2-229 
Opalina (biol.) 4-197 
Opalized wood, illus. 4-477 
Oparin, Alexander I. (Russ. 
biochem.) 1-319 
Open cluster (astron.) see Ga- 
lactic cluster 
Open hearth furnace 
smelting of lead ores 6-35 
steelmaking 6-48 
Open-hearth process (steel in- 
dus.) 6-48, 42 
Open loop 6-372 
Open-pit mining see Strip min- 
ing 
Open-reel tape recorder 6-219 
Operant conditioning (psych.) 
5-308, 310 
Ophiuchus (constellation) 
nova 1-195 
Ophiuroidea (zool.) 4-206 
Opium (drug) 
poppy, illus. 5-431 
Opossum (zool.) 3-471, 480, 
482, 483; 4-456; 5-24 
Oppenheimer, J. Robert (Amer. 
phys.) 
black holes 1-241 
Oppolzer, Theodor (Aus. as- 
tron.) 1-147 
Opposite arrangement of 
leaves (bot.) 4-164; illus. 
4-164 
Opsonin (biochem.) 5-257 
Optical fibers see Fiber optics 
Optical instruments 3-392 fol. 
telescopes 1-36 
Optical microscope (instru.) 
6-299; illus. 6-299, 307 
Optical Space Telescope 
1-178 
Optical transmission system 
telephone 6-173 
Optical videodisc system 
6-226; illus. 6-227 
Optic cup (embryol.) 5-327 
Optic disk (anat.) 5-277 
Optic nerve (anat.) 5-276 
OPTICS (phys.) 3-281-90 
fiber optics 6-292 
holography 6-333 
microscopes 6-299 
photography 6-240 
See also Light 
Opuntia cactus (bot.), illus. 
4-160 
Oral cavity (anat,), illus. 5-223 


Orangutan (z00! } 5 
5—1, 137 
Orbit (astron.) 1—¢ 
1-256, 257 
comet 1-153 
1-150, 151 
earth 1-102 
meteor 1-1 
moon 1-10 
rockets 1-2 
satellites, art il 1-262 
space fligh 256 
space statio 91 
Orbital, Atomic and Molecular 
(phys.) 3-3 
Orbital Satellite Co: ying Ama- 
teur radio (OSCAR) 
1-270, 2 1 
Orbiting Astronom cal Observ- 
atory 1~2¢ lus. 1-242 
Orbiting Geophy Observa- 
tory 1—2¢ 
cosmic-ray 
1-229 
Orbiting Solar Observatory 
1-7 1 
Orb weaver ( 
illus. 4-4 
Orchid (bot.) 4 120, 154, 158 
Order (biol.) 3 15 
Ordinate (math 13 
Ordovician perioc ol.) 
2-280 \ 
fossils 4 
Ore (metal.) 3-8 
metallurgy 6-28 fol 
reduction 3 
Ore dressing (metal) 6-29 
Organ (biol.) 3-381, 383 
4-178; 5—16( 
light organs 4-433 
plants 4-3 
Organ (mus, instru.) 3-278 
Organelle (biol.) 3-388; 4-158 
Organic acid (chem.) 3-140 
chromatographic analysis 
3-125 
ORGANIC CHEMISTRY 
3-129-42 
plastics 6-273 
Organic gardening 4-147, 148 
Organic matter 
ocean 2-228 
Organ of Corti (anat.) 3-265; 
5-283, 327; illus. 5-282 
Organos, Sierra de los, Cuba 
2-98 
Organ-pipe coral (zool.) 4-203 
ORGAN TRANSPLANT (surg-) 


141; illus, 
3; illus. 


illus, 


tor, illus. 


5-460-70 

Orientale, Mare (moon feature) 
1-112 

Oriental poppy (bot.), illus. 
4-104, 119 


Orio'e (bird) 4-442; illus. 


4-438, 440 
Orion (constellation) 1-34; 
Ilus. 1-182, 202 
eat Nebula in Orion 
1-200, 203, 215 
Orionid (meteor shower) 1-166 
Orizsba, volc., Mex. 2-63 
Ornivsischia (paleon.), illus, 
4-486, 487 


Orniselogy (sci.) see Bird 
Oroseny (geol.) 2-75 

» also Mountain 
Orovraphic cloud 2-149 
Orog'aphic rainfall 2-157 


Orre: (solar system model) 
1-55 
Orthomolecular psychiatry 
5-377 
Orthorhombic system 3-123; 
lus. 3-122 


Oryx (<ool.) 5-128 
Osherne, W. Zack (Amer. phys.) 
1-247 


OSC..." see Orbital Satellite 
varrying Amateur Radio 

Oscilinting circuit see Elec- 
onic oscillator 

Os tor, Electronic see Elec- 


onic oscillator 
Oscii'atoria (bot.) 4-33; illus. 
~32 


Osciiic scope (instru.), illus. 


3-226 
Ostine (entom.) 4-429 
Osculum (zool.) 4-199 
Osm um (elem.) 3-42 


Osmosis 3-25, 104, 387, 447 

Osmotic pressure 3-104 

OSO see Orbiting Solar Obser- 
vatory 

Osprey (bird) 4-387; illus. 4-385 

Ossicle (anat.) 5-281 

Osteichthye (zool.) 4-302 

Osteoarthritis (med.) 5-456; 


illus. 5-458 
Osteomalacia (med.) 5-375, 
376 


Osteomyelitis (med.) 5-186 

Ostracoderm (zool.) 4-480 

Ostrich (bird) 4-379; 3-467; 
illus, 4-367, 380 

Otolith (anat.) 5-289 

Otter (zool,) 5-90; illus. 5-91 

Otto, Nikolaus August (Ger. 
eng.) 6-63, 71 

Output (computer sci.) 1-453, 
457, 464, 470; 6-146, 
148; illus. 1-471 

Outwash (geol,) 2-200 

Oval window (anat.) 3-265 

Ovary (anat.) 5-317; illus. 
5-317 

Ovary (bot.) 4-105 


Ovenbird (zool.) 4-428 
Overburden (min.) 6-29 
Overdrive (auto.) 6-82 
Overhead valve engine (auto.) 
6-77; illus. 6-77 
Overlearning (psych.) 5-411 
Overmyer, Robert F. (Amer. 
astro.) 1-279 
Overtone (mus.) 3-274 
Ovulation (physiol.) 5-317, 319 
Ovum see Egg cell 
Owl (bird) 4-388; illus. 3-439; 
4-378, 384, 390 
grabbing mouse, illus. 
4-383 
Owl butterfly (entom.) 4-293 
Owlet moth (entom.) 4-295 
Oxbow 
formation 2-420; illus. 
2-420 
Oxidation (chem.) 
cellular oxidation 3-391 
electrochemical reactions 
3-143, 145 
metals 3-83, 84 
spontaneous combustion 
3-65 
Oxidation-reduction reaction 
(chem.) 3-143 
Oxide (chem.) 1-310 
minerals 2-39 
Oxisol (soil) 4-19 
Oxygen (elem.) 3-42 
absolute weight 3—49 
air cell 3-151 
atmosphere 1-99, 319; 
2-105, 106, 112 
atomic number 3-50 
atomic structure, illus. 3—49 
blood 5-227 
corrosion 3-152 
critical temperature 3-17 
earth's crust, percentage of 
3-3 
electrolysis 3-147 
exercise 5-391, 392 
fuel cells of spacecraft 
1-264 
geologic thermometer 
2-288 
meteorites 1-165 
molecule, speed of 3-20 
moon 1-311 
ocean 2-228 
photosynthesis 4-3, 87 
plant respiration 4-63 
rocket fuel 1-247, 248 fol. 
wastes, purification of 
2-502 
Oxygen debt (physiol.) 5-392 
Oxygen steelmaking process 
6-50 
Oxyhemoglobin (biochem.) 
5-209 


Oyashio (ocean current) 2-258 
Oyster (zool.) 4-219; illus. 
4-225 
seashore 2-214 
Oyster drill (z00l.) 4-224 
Oyster scale (insect) 4-158 
Ozma, Project 1-324 
Ozone (gas) 2-106 
atmosphere 2-110, 111 
Ozone layer (atmosphere) 
2-106 
supersonic planes 6-132 


P 


Paca (zool.) 5-43 
Pachycephalosaurus (paleon.) 
4-486 
Pacific Ocean, i//us. 2-263 
coral reefs 2-221, 222 
currents 2-256 fol. 
earthquakes 2-240 
hills 2-265 
ocean deeps 2-266 
ridge 2-266; illus. 2-21; 
map 2-19 
tides 2-244 
trenches 2-264 
volcanic islands 2-218 
Pacific tree frog (z001.) 4-330 
Paedomorphosis (biol.) 3-446; 
illus, 3-468 
Page, Robert M. (Amer. phys.) 
6-194 
Pahoehoe (geol.) 2-69 
Pain (physiol., psych.) 5-254, 
287, 288 


Painted bunting (bird), illus. 
4-437 
Painted lady (butterfly), ///us. 
4-291 
Painter see Puma 
Painting (art) alterations 
detected by infrared rays, 
illus. 3-253 
Pair-production theory of 
cosmic-ray showers 
1-226; illus. 1-227 
Palate (anat.) 5-177; illus. 
5-177 
Palau, isis., Pac.O., illus. 2-215 
Paleobotany (sci.) 4-6 
Paleocene epoch (geol.) 2-283 
Paleoclimatology see Climates 
of past ages 
Paleomagnetism (geophys.) 
2-273 
plate tectonics 2-21, 24 
Paleontology 2-9; 4—475 
See also Fossil 
Paleozoic era (geol.) 2-280 fol., 
284 
fossils 4—479 
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Palisade (geol.) 2-100 
Palisade layer (bot.) 4-100 
Palisades, bluffs, N.J. 2-13 
Palladium (elem.) 3—42 
Pallas (asteroid) 1-159 
Palm (tree) 2-178; 4-168; illus. 
4-142 
Palmate-compound leaf (bot.) 
4-163; illus. 4-163 
Palmate leaf (bot.) 4-163; illus. 
4-163 
Palm civet (zool.) 5-93 
Palmella stage (biol.) 4-191 
Palolo worm (zool.) 4-230 
Palomar Observatory, Calif. 
1-44, 50, 53; illus. 1-36, 
38 
Palpation (med.) 5-476 
Pamir Plateau, Central Asia 
2-90 
Pampa, plain, S.Amer. 2-89 
Pampas deer (zool.) 5-122 
Pancake turtle (zool.) 4-360 
Pancreas (anat.), illus. 5-232 
transplant 5-468 
Pancreatic juice (physiol.) 
5-236 
Pancreozymin 5-236 
Panda (zool,) 5-83; illus. 
2-483; 5-82 
Pandaka pymaea (fish) 4-304 
Pangaea (landmass), map 2-20 
Pangolin (zool.), illus. 5-14 
Panning (phot.) 6-246 
Pannus 5-459 
Pansy (bot.), illus. 4-109 
Panther (zool.) 5-102; illus. 
2-494 
Pantothenic acid (vitamin) 
5-372 
Pantothere (paleon.) 4-485; 
5-5 
Papanicolaou, Dr. George (Gr. 
Amer. phy.), illus. 5-476 
Paper birch (tree), illus. 4-170 
Paper chromatography 3-126; 
illus. 3-125, 126 
Paper industry 3-117; 6-20 
Paper mill (indus.) 
water pollution 2-458 
Paper nautilus (zool.) 4-219 
Paphiopedilum orchid (bot.), 
illus. 4-158 
Papin, Denis (Fr. phys.) 6-57 
Pap test (med.) 5-476 
Parabola (geom.) 1-379; illus. 
1-397 
Parachute 
manned space flight 1- 276 
Paraffin hydrocarbon (chem.) 
3-132 
derivatives 3-136 
Paraffin wax 2-318 
Parakeet (bird) 2-486 
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Parallax (astron.) 
stars 1-183 
Parallax (optics) 5-279 
Parallel electric circuit 3-235; 
illus. 3-234 
Parallelogram (geom.) 1-373, 
374 
Parallel rulers (instru.) 1-374 
Parallel sphere (astron.) 1-21, 
22 
Paralysis (med.) 
lead poisoning 5-274 
pons 5-270 
Paramagnetic material 3-240; 
illus. 3-239 
Paramecium (biol.) 4-197; 
illus. 3-391; 4-196 
Paranoia (psych.) 5-298 
alcoholic paranoia 5-428 
stimulants 5-432 
Parapsychology 5-416 
Parasite (biol.) 3-487 
degeneration 3-472 
viruses 3-396 
Parasitic animal 
ants 4-269, 270 
bee 4-272 
cuckoo 4-402 
flatworms 4-209 fol. 
insects 4-257 
protozoans 4-193 fol. 
roundworms 4-212 fol. 
Parasitic plant 
fungi 4—44, 49 
heterotrophic bacteria 4-24 
Parasol ant (insect) 4-270 
Parasympathetic nervous sys- 
tem (anat.) 5-273, 419: 
illus. 5-419 
Parazoa (zool.) 4-184 
Parchment worm (z00l.) 4-230 
Parenchyma (bot.) 4-64 
Paricutin, volc., Mex. 2-69, 75 
Parietal bone (anat.) 5-176: 
illus. 5-177 
Parietal lobe (anat.) 5-266 fol. 
PARITY (phys.) 3-343-346, 
318, 312 
Parkes, Alexander (Brit. chem.) 
6-274 
Parrot (bird) 4-401; illus. 4-400 
Parrot fish, illus. 2-230 
Parsec (meas.) 1-183 
Parsons, Sir Charles A. (Brit. 
eng.) 6-58 
Parsons, William (Brit. astron.) 
see Rosse, 3rd Earl of 
Parthenocarpic fruit (bot.) 
4-111 
Parthenogenesis (biol.) 
insect 4-255 
PARTICLE, Elementary (phys.) 
3-310-19, 48, 51; 2-358 
fol.; tables 3-314, 323 


PARTICLE, Elemer 
cosmic ray: 
parity 3-34 
quarks 3 
sun 1-70, 74 

Particle acceierator see Atom 

smasher 

Particleboard 6- 

Particulate matter ( 

tant) 2—4 
Parting (minere 
Pascal, Blaise ( 

1-415; 3 
Pascal's law 
Passenger pige bird) 

2-486; 4-398, 399, 453 

Passenger trai 89 

Passeriforme 

Passive comr 

ellite 1 
Passive immunity 

5-258 
Patch-nosed sr 

4-353 
Patch test (med ) 5-449 
Patella (anat 


y (cont.) 
4, 226, 227 


4-427 
lons sat- 


med.) 4-29; 


ake (zool.) 


Patina (coating) 
copper 3-82 
Patsayev, Viktor ! (Sov. cosmo- 
naut) 1-278 
Paucituberculata (z00l.) 5-13 
Pauli, Wolfgang (Aus. phys.) 
3-341; illus. 3-331 
Pauli exclusion pri 
Exclusion p 
Pauling, Linus (Am 
vitamin C 5-375 
Pavlov, Ivan (Russ. physiol.) 
4-454; 5-310 
Payload (rocketry) 1-248, 252, 
261 
Payroll operation (business) 
1-455; illus. 1-455 
PCB 2-458 
Pea (bot.) 4-116 
Peacock (bird), illus. 4-391 
courtship 4-457 
Pearl 4-225 
Pearl sago (food) 4-66 
Pearly nautilus see Chambered 
nautilus 
Peat (fuel) 2-321; 4-56, 57; 
illus. 2-321 
Peat moss (bot.) 4-56 
Peaucellier's Cell (linkage) 
1-377 
Pebrine (silkworm disease) 
4-196 
Pecan tree (bot.) 4—172 
Peccary (zool.) 5-113; illus. 
5-15 


Pecking order (zool.) 4-374 

Pecten (zool.) 4-374 

Pectoralis major (anat.) 5-192; 
illus. 5-196 

jicel (bot.) 4-109 

ology 2-9 

asus (constellation) 1-34 

matite (rock) 2-14, 50 

see Fisher 

man, illus. 3-474 

Pelage (zool.) 5-7 

Pelce, Mount, volc., W.I. 2-68 

Pelican (bird) 4-426; illus. 


4-370, 426 
Pelicaniformes (ornith.) 
4-412 
Pelican Island Wilderness, Fla. 
2-479 


Petlagra (disease) 5-371 
Pellicule (biol.) 3-386 


Peltier, Leslie (Amer. amateur 
astron.) 1-157 

Pelton water wheel (mach.), 
illus. 2-389 


lectricity, generation of 
2-391 
Peivic girdle (anat.) 5-181 
(anat.) 5-184 
fulum, illus, 3-167 
urvilinear motion 3-176 
Foucault pendulum 1-101 
2»asurement of g 3-168 
epiain (geol.) 2-87, 424; 
illus. 2-90 
Penguin 4-382; illus. 4-376 
Emperor, illus. 4-382 
rookery, illus. 4-379 
Penicillin (antibiotic) 4-48; 
5-481; illus. 4-44 
Penicillium (bot.) 4-48; illus. 
4-51 
caves 2-103 
Penis (anat.) 5-317, 318; illus. 
5-317 
Pennsylvanian period (geol.) 
2-281, 282 
coal 2-321 
fossils 4-482 
sandstone, illus. 2-287 
Penstock (pipeline) 2-390 
Pentane (chem.) 3-134 
Pentode (electron.) 6-141 
Pentose (biochem.) 3-385 
Penumbra (astron.) 1-142, 145; 
illus. 1-142, 148 
Pepino hill see Haystack hill 
Pepsinogen (biochem.) 
peptic ulcers 5-420 
Peptic ulcer see Ulcer, Peptic 
Peptization (chem.) 3-113 
Peramelina (zool.) 4-13 
Peranema (biol.) 4-193 
Perception (psych.) 5-409, 412; 
illus. 5-408, 409 


Perched water body (ground 
water) 2-171; illus. 2-173 
Perched water table (ground 
water) 2-171; illus. 2-173 
Percussion instruments (mus.) 
3-279 
Père David's deer (zool.) 5-121 
Peregrine falcon (bird), illus. 
2-484 
Peregrinus de Maricourt, 
Petrus (Fr. phys.) 3-242 
Perfect cosmological principle 
(astron.) 1-15 
Perfect flower (bot.) 4-105 
Pericardium (anat.) 5-207 
Pericycle (bot.) 4-77, 90, 94 
Periderm (embryol.) 5-328 
Peridotite (rock) 2-50 
Perigee (point of an orbit) 
1-256, 262; illus. 1-256 
Perihelion (astron.) 
earth 1-102 
Mercury 3-359 
Perilymph (anat.) 5-283 
Period (astron.) 1-6 
comets 1-155 
Period (geol. time division) 
2-284 
Periodic spring (geol.) 2-173 
PERIODIC TABLE (chem.) 
3-29-35, 341 
Periodic variable (star) 1-190 
Periodontal disease (med.) 
5-247 
Periodontal membrane (anat.) 
5-244; illus. 5-244 
Periodontitis see Pyorrhea 
Peripherals (computer sci.) 
6-149 
Perissodactyla (zool.) 5-15 
Peristalsis (physiol.) 5-235 
Peritoneum (anat.) 5-232 
Peritonitis (med.) 5-243 
Peritrichida (biol.) 4-197 
Periwinkle (zool.) 4-223 
Permafrost (soil) 2-410 
Mars 1-322 
Permalloy 
telephone 6-170 
Permanent magnet 3-240 
Permanent tooth (anat.) 5-245; 
illus. 5-245, 246 
Permeable rock 
ground water 2-170 
Permian period (geo!.) 2-282, 
283 
amphibians 4-329 
fossils 4-482 
Pernicious anemia 5-203 
Vitamin B,» 5-373 
Perrault, Pierre (Fr. sci.) 
2-168 
Perseid (meteor shower) 1-34, 
166 


Perseus (constellation) 1-34; 
illus. 1-181 
Persian Empire 
petroleum 2-304 
Persimmon (tree) 
fruit, illus. 4-165 
PERSONAL COMPUTERS 
6-149-52 
PERSONALITY (psych.) 
5-290-98, 414 
Personality inventory (psych.) 
5-292 
Personal Mass Transit (PMT) 
6-97; illus. 6-99 
Perspective (art) 1-335 
Perspective (phot.) 6-244 
Perspiration (physiol.), illus. 
5-391 
exercise 5-391, 395 
sleep 5-401 
Peru Current (ocean current) 
2-256 
Pesticide see Herbicide; Insec- 
ticide 
Petal (bot.) 4-104 
Peterson, Donald H. (Amer. 
astro.) 1-279 
Petiole (bot.) 4-101 
Petrel (bird) 4-425, 426; illus. 
4-424 
Petrified Forest, Ariz. 2-175 
Petrified wood 4-477; illus. 
4-477 
Petrochemicals 2-318; 6-264 
PETROLEUM 2-304—19, 294, 
297 fol. 
air pollution 2-300 
catalysis 3-73 
conservation 2-412 
continental shelves 2-262 
drilling rigs, illus. 2-292, 
310, 313; 6-9 
ocean waves, calming of 
2-238 
oil spills 2-301, 460; illus. 
2-399, 461 
plate tectonics 2-27 
Petroleum coke (oil by-prod- 
uct) 2-318 
Petroleum engineering 6-8 
Petroleum refinery see Refin- 
ery, Petroleum 
Petrology 2-9 
Petunia (bot), illus. 4-69, 107 
Peyto Glacier, Alta., Can., illus. 
2-416 
pH (chem.) 3-97 
acid rain, illus. 2-472 
digital pH meter, illus. 3-95 
living tissue 3-446 
pH indicator, chart 3-97 
Phaeophyceae (bot.) 4-39, 140 
Phage see Bacteriophage 
Phagocyte (anat.) 5-219, 459 
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Phagocytosis (physiol.) 5-257 
Phalanger (zool.) 5-22 
Phalanx (anat.) 5-183, 186; 
illus. 5-182 fol. 
Phalarope (bird) 4-418 
Pharaoh’s ant (insect) 4-270 
Pharynx (anat.) 5-177, 220; 
illus. 5-223 
Phase (elec.) 2-385 
Phase-contrast field, i//us. 
6-309 
Phase-contrast microscope 
(instru.) 6-308; illus. 
6-327 
Phases of the moon 1-107, 
108; illus. 1-108, 143 
Pheasant (bird) 4-393; illus. 
4-393 
Phellogen (bot.) 4-3 
Phenol-formaldehyde (plastic) 
6-275; illus, 6-274 
Phenolic resins (plastics) 
6-274, 279 
Phenotype (genetics) 3-461; 
5-339 
Phenylthiocarbamide (PTC) 
(chem.) 
taste for phenylthiocarbam- 
ide as heredity trait 
5-340 
Pheromone (biol.) 4-268 
Philodendron (bot.) 4-155, 161; 
illus. 4-157 
Phlebitis (med.) 5-218 
Phloem (bot.) 4-3, 90, 94, 95 
Phobia (psych,) 5-298, 301 
Phobos (astron.) 1-84, 122 
Phoenicians (anc. people) 
sea voyages 2-223 
Pholas dactylus (zool.) 3-433, 
434 
Pholidota (zool.) 5-13 
Phonograph 
phonograph records and 
recording 6-213 
Phonograph record 6-217 
Phoronida (zool.) 4-186 
Phosphate (chem.) 
cells 3-386 
conservation 2-411 
water pollution 2-409, 458 
Phosphocreatine (biochem.) 
5-189 
Phospholipid (biochem.) 3-385 
Phosphor (phys.) 3-300; 6-210 
Phosphorescence (phys.) 
3-300 
minerals 2-46 
Phosphorus (elem.) 3—42 
fertilizer 6-269 
macromineral 5-383 
meteorites 2-165 
plants 4-73 
radioisotope tracers 3-328 
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Phosphorus (cont.) 
soil 4-19 
water pollution 2-458 
Photochemical smog (air pollu- 
tion) 2-461 
Photoconductive cell 6-161 
PHOTOELECTRIC CELL 
6-158-62; 2-379, 385 
Photoelectric effect (phys.) 
3-282, 334, 348 
Photoelectric threshold (phys.) 
6-160 
Photoemission (phys.) 6-159; 
illus. 6-158, 159 
Photoemissive cell see Photo- 
tube 
Photoengraving (printing) 
6-232; illus. 6-232 
Photographic film see Film, 
Photographic 
Photographic memory see 
Eidetic imagery 
Photographic typesetting 
(printing) 6-230 
Photographic zenith tube (tele- 
scope) 1-41-42 
PHOTOGRAPHY 6-240-53 
asteroids, discovery of 
1-159 
astronomy 1-10 
holography 6-333 
microfilm 6-254 
moon exploration 1-297, 
298 
observatories 1-48 
printing processes 6-230 
fol., 236 
sea-floor 2-277; illus. 
2-274 
ultracentrifuge, illus. 3-111 
X-ray 6-347 
Photolithography see Plano- 
graphic printing 
Photomicrograph 
diatoms, illus. 6-308, 309 
mucous membrane of 
mouth, illus. 6-308, 309 
Photon (mach.) 6-231 
Photon (phys.) 3-51, 281, 311 
fol., 319, 252 
Photo-offset lithography (print- 
ing) 6-236, 229; illus. 
6-237 
Photoperiod 4-83 
Photophile (bot.) 4-137 
Photophore (zool.) 3-434 
Photosphere (solar region) 
1-66, 67 
Photospheric granulation 
(solar phenomenon) 
1-68 
PHOTOSYNTHESIS 4-84-88, 
3, 73, 135; 3-379, 385, 
391, 486 


PHOTOSYNTHES!S (cont.) 
atmospheric bon diox- 
ide 2-105 
bacteria 4-24 
cactus 4-152 
respiration 
4-76 
seed plants 4 
Phototronic cel! 
taic cell 
Phototropism 4 illus. 
4-81 
Phototube (elec! 6-143 
Photovoltaic ce ) 2-347; 
6-162; jj 2349 
Phreatophyte (bot) 2-178 
Phyllirrhoé (z900! 133 
Phyllite (rock) 2 
Phylum (bio!.) 3 
Physical change 0 
heat, effect 205 
plastics 6— 
Physical chemis 
solutions 3- 
Physics (sci.) 3 
atom 3-46 
atom smas 356 
color 3-295 
constants 6 
cryogenics 6 
crystals 3 
electricity 3 
electromagneti 
3-248 
elementary part 
energy 3-5 
entropy 3-21€ 
gravitation 3-16 
heat 3-196 
holography 6-333 
isotopes 3-59 
lasers 6-336 
liquid crystals 6-296 
liquids and gases 3-183 
magnetism 3-237 
mathematics 1-335 
microscopes 6-299 
motion 3-172 
Nobel Prize winners 6-381 
nuclear energy 2-358 
optics 3-281 
parity 3-343 
periodic table 3-29 
quantum theory 3-330 
radioisotope 3-325 
relativity theory 3-350 
simple machines 3-154 
sound 3-256 
superconductivity 3-367 
valence 3-52 
water 3-86 
X rays 6-342 
Physiological psychology 
5-414 


red with 


hotovol- 


diation 


as 3-310 


Physiological salt solution 
3-105 
Physiology 
bioelectricity 3-446 
blood 5-198 
vody defenses 5-253 
irculatory system 5-207 
jigestive system 5-229 
mbryology 5-316 
xercise and rest 5-389 
ealth 5-364 
vearing 5-281 
sect 4-253 
nuscular system 5-187 
vervous system 5-261 
jobel Prize winners 6-381 
jid age 5-359 
H range 3-446 
lant physiology 4-71 
espiratory system 5-220 
kin 5-169 
eep 5-396 
smell, taste, and touch 
5-285 
space flights’ effects on 
astronauts 1-273 fol. 


eth 5-244 
ision 5-275 
Pi jeom.) 1-375 
Pi- mater (anat.) 5-271 
Piano (mus. instru.) 3-276 
Pi Giuseppi (It. astron.) 
1-85, 158, 159 


Piccard, Auguste (Swiss phys.) 
illoon flight 6-102 
ithyscaphe 2-278 

Piccard, Jacques (Swiss sci.) 
2-264 
cean currents 2-259 

Pickling (metal,) 6-267 

Pickup tube (TV) 6-203 

Picture tube see Kinescope 

Piculet (bird) 4-411 

Pied-billed grebe (bird) 4-414 

Piedmont glacier 2-192 

Piedmont Plateau, U.S, 2-89; 
illus. 2-88 

Piercing process 

steel pipe and tube produc- 
tion 6-54 
Piezoelectricity (phys.) 
minerals 2-46 
ultrasound 6-287 

PIG (zool,) 5—112-13 

PIGEON (bird) 4-397-99 

Pig iron 6-44; illus. 6-46 

Pigment 3-307 

hair 5-173 
skin 5-170 

Pika (zool.) 5-35; illus. 5-35 

Pikes Peak, mt., Colo. 2-84 

Pilcher, Percy S. (Eng. inv.) 
6-103 

Pillar (geol.) 2-417 


Pill bug (zool.) 4-235 
Pilot balloon 2-129 
Pilot black snake (zool.) 4-354 
Pilot light (gas stove) 2-343 
Pilot whale (zool.) 5-60 
Pi meson see Pion 
Pinch effect (phys.) 3-364; 
illus. 3-365 
Pinchot, Gifford (Amer. for- 
ester, pub. official) 
2-477 
Pincushion moss (bot.) 4-56 
Pine (tree) 4-165; illus. 4-166, 
167 
cones, illus. 4-10 
fossils 4-485 
naval stores, production of 
6-20 
needles 3-481; illus. 4-163 
reproduction 4-67 
seed, illus. 4-120 
Pineapple (bot.), illus. 4-113 
Pine snake (zool.) 4-354 
Pinhole image (optics) 3-287; 
illus. 3-288 
Pink bread mold (bot.) 4-48 
Pinna see Auricle 
Pinnate leaf (bot.) 4-163; illus. 
4-163 
Piñon (cone of monkey puzzle 
tree) 4-169 
Pinophyta (bot.) 4-63 
Pin scale (insect) 4-158 
Pintail (duck) 4-422 
Pinyon (tree) 4-166 
Pion (phys.) 1-228; 3-51, 314, 
346 
Pioneer (spacecraft) 1-268; 
illus. 1-268 
Jupiter 1-124 
Pipe 
plastic, illus. 6-278 
Pipeline 
gas-dispatching room of 
pipeline system, illus. 
6-369 
natural gas 2-338, 340; 
illus. 3-336, 341, 342, 344 
penstock 2-390 
petroleum 2-315; illus. 
2-314, 316 
Pipe smoking 
cancer §-442 
Piranha (fish), illus. 4-300 
Pisaurid (spider) see Fisher spi- 
der 
Pisces (constellation) 1-34 
Piscis Austrinus (constellation) 
1-34 
Pistachio (tree) 4-174 
Pistil (bot.) 4-105 
Piston (auto. engine) 6-76 fol. 
illus. 6-76, 80 
Piston-type pump 2-448 


Pitch (mus., phys.) 3-266, 272; 
6-285 
Pitch (vehicular motion) 1-258 
Pitch (viscous substance) 
2-334 
Pitcher plant (bot.) 3-478 
Pitch pine (tree) 4-166 
Pitchstone (rock) 2-14, 15 
Pith (bot.) 4-94 
Pitot, Henri (Fr. phys.) 6-12 
Pituitary gland (anat.) 3-506 
Pit viper (snake) 4-355, 357 
Placenta (embryol.) 3-425; 
5-5, 6, 319; illus. 5-323 
Placental mammal 5-5 
Place system of numerals 
1-340, 342 fol., 446 
Placoderm (paleon.) 4-300, 481 
Plage (solar phenomenon) 
1-67 
Plagioclase (min.), illus. 1-309 
PLAIN (geog.) 2-86-93, 129 
Planaria (zool,) 4-212; illus. 
4-211 
Planck, Max (Ger. phys.) 3-252; 
6-159; illus. 3-331 
blackbody radiation 3-332 
quantum theory 3-349 
Planck's blackbody radiation 
law (phys.) 3-333 
Planck's constant (phys.) 
3-333 
Plane (geom.) 1-369 
non-Euclidean geometry 
1-401, 402 
PLANE GEOMETRY (math.) 
1-366-79, 332 
Plane-polarized light 3-121, 
302; illus. 3-304 
Planet (astron.) 1-83; table 
1-86 
chemistry 1-318 
extraterrestrial life 1-320 
motion 1-88 
night sky 1-17 
order of the planets, illus. 
1-83 
space probes 1—261, 267 
thermal radiation 1-63 
See also names of specific 
planets 
PLANETARIUM 1-54-57 
Planetesimal (astron.) 1-315 
Planetesimal hypothesis 
(astron.) 2-3; illus. 2-4 
Planetoid see Asteroid 
Plane tree (bot.) 4-170; illus. 


4-172 
Plankton (biol.) 2-232; illus. 
2-231 
bioluminescence 3-433 
diatoms 4-41 


Plano-concave lens (optics) 
6-301; illus. 6-301 


INDEX 


469 


Plano-convex lens (optics) 
6-301; illus. 6-301 
Planographic printing 6-229, 
236; illus. 6- 229 
Plan-position indicator (radar) 
6-196 
PLANT 4-2-7, 8-10, 71-83, 22, 
32, 61 
air pollution’s effect on 
2-470 
animals compared with 
3-378; 4-71 
atolls, vegetation of 2-222 
biological rhythms and 
clocks 3-438 
bioluminescence 3-432 
cactus 4-149 
cave plants 2-102 
cells 3-382; illus. 3-387 
388 
classification 3-513 
climates of past ages 
2-287 
cloning 3-508 
coal, formation of 2-320; 
illus, 2-322 
ecosystem 2-452; 3-486 
fol. 
endangered species 2-483, 
486, 466 
evolution 3-458 fol. 
ferns 4-58 
flowers 4-103 
fossils 4-475 fol. 
fruits and seeds 4-111 
fungi 4—43 
geological time scale 
2-280 fol. 
germination of seed 4-126 
gibberellins, effect on 
growth, experiment 
3-408; illus. 3-409, 412 
houseplants 4-154 
leaves 4-99 
moss 4-54 
movement 4-79, 4 
mutations from radiation 
3-328 
oceanic plants, illus. 2-266, 
267 
photosynthesis 4-84 
phreatophyte 2-178 
polyploids 3-469 
roots and stems 4-89 
seed and fruit dispersal 
4-119 
soil 4-11 
trees 4-162 
vegetables 4-145 
PLANT ADAPTATION 
4-133-44; 3-474 
Plant disease 
chestnut blight 4-172 
fungi 4-46, 48, 50 


INDEX 


Plant disease (cont.) 
radioisotope tracer studies 
3-328 
viruses 3-396 
Plant louse see Aphid 
Plaque (med.) 5-247 
PLASMA (phys.) 3-361-66, 11, 
74, 372 
Plasma, Blood see Blood 
plasma 
Plasma cell (anat.) 5-459 
Plasma membrane (biol.) 
3-382, 386, 387, 446; 4-2 
Plasmid (biochem.) 3-504, 505 
Plasmid chimera (genetics) 
3-505 
Plasmodium (bot.) 4—46, 195; 
illus. 4-45 
Plaster 
building material 6-23 
Plaster board 6-26 
Plaster of Paris 3-4 
Plasticizer (plastics indus.) 
6-277 
Plastic plate (printing) 6-235 
PLASTICS 6-273-84, 272 
colloidal phenomena 
3-116 
petroleum 2-318 
Plastid (biol.) 3-389; 4-3 
PLATEAU (geol.) 2-86-93 
Platelet (anat.) 5-202, 198 
Platen press (printing) 6-235; 
illus. 6-235 
PLATE TECTONICS 2-19-27, 
28 
Platinum (elem.) 3—42 
catalyst 3-69 fol.; illus. 
3-71 
Platyhelminthes (zool.) 4-185, 
209 


Platypus, Duck-billed (zoo!.) 
5-17; illus. 5-16 
Pleiades (astron.) 1-35, 188; 
illus. 1-211 
interstellar matter 1-200 
Pleistocene epoch (geol.) 
2-190, 197, 283, 291 
Plesiosaur (paleon.) 4-484, 486 
Pleurococcus (bot.) 4-37 
Pleurodira (zool.) 4-359 
Plexus (anat.) 5-272 
Pliny the Elder (Rom. schol.) 
3-514 
Pliocene epoch (geol.) 2-283, 
284 


Plotter (computer output 
device) 1-470 

Plover (bird) 4-417; illus. 4-417 

Plug dome (volc.) 2-68: illus. 
2-68 

Plum (bot.) illus. 4-105 

Plumage see Feather 

Plume moss (bot.) 4-55 


PLUTO (planet) 1—140~41, 83 
86 


discovery 3-165 
life, unsuita 
satellite 1 
Plutonium (el. 
nuclear energ 
367 
Plywood 6-15, 1 
building ma 
Pneumatic caiss 
5-228 
Pneumococcus (t 
illus. 4-31 
P-n junction (phy: 381 
Pogonophore (7001). illus. 
2-267 
Pogue, William R. (Amer 
astro.) 1- 
Poinsettia (bot.) /// 
Point (geom.) 1-3 376 
Poisoning 
mercury 2-4 
metal poisonir 
Poison ivy (bot.), / 
allergic react 
Poisonous animals 
frogs and toads 336 
lizards 4-34 
scorpions 4 
snakes 4-34 
spiders 4- AE 
Poisonous plants 3-480 
mushrooms 4-51 fol 


r 1-322 


3-42 


2-362, 363, 


1.) 4-141; 


190; 5-79 
79 
Polar center (bio!.) 3-395 
Polar continental (air mass) 
2-134 
Polar covalence (chem.) 3-87 
Polar easterlies (winds) 
2-115 
Polaris (star) 1-24, 26, 104 
Polarization (phys.) 3-302 
Polarized light 
Crab Nebula 1-229 
Plexiglas studied under, 
illus. 3-293 
Polarizing microscope (instru.) 
6-306 
Polar maritime (air mass) 
2-134 
Polar molecule (chem.) 3-87 
Polaroid process (phot.), illus. 
6-242 
Polar orbit 1-256, 262; illus. 
1-257 
Polar regions 
air masses 2-134 
jet streams (air currents) 
2-110, 111 
Polar wind 2-131 
Pole, Geographic 1-98 


Pole, Magnetic (geophysics) 
1-98 

Pole. Magnetic (phys.) 3-239, 
243 


Polecat (zool.) 5-88 
Poliomyelitis (med.) 5-274 
18, Ìllus. 3-398, 400 
Po! (bot.) 4-105; illus. 4-5; 
5-447 
ollutant 2-467 
rgies 5-445 
à 4-271; illus. 4-274 
Po! ube (bot.) 4-61 
Po ion (bot.) 4-107, 70 
rees 4-171 
Po ), Environmental see 
vironmental pollution 
Pol tar) 1-35 
Polk arco (Venetian traveler) 
304 
Pol m (elem.) 3-42 
Poly: «ide resins (plastics) 
279 
Poly onate resin (plastic) 
79 
Pol inated biphenyls 
m.) 
ion 2-493 
Polyevthemia (med.) 5-204 
Poly fiber 6-271, 280; 
3-130 
Poly resin (plastic) 6-280 
Polye\svlene (plastic) 6-280, 
Polyoe nic inheritance 5-342 
Poly jeom.) 1-374 
Poly h (instru.) 5-303 
Polyhedral angle (geom.) 
1-380; illus. 1-381 
Poly (drug) 
t regression 5-478 
Polymer (chem.) 3-136 
DNA and RNA chains 3-497 
tics 6-273 


pla 
Polymer fiber 6-271 
Polymerization (chem.) 6-263 
petroleum 2-317 
wood 3-328 
Polymethylmethacrylate (plas- 
tic) 6-278 
Polymorphism (biol.) 4-256 
Polyp (zool.) 4-201 fol. 
Polyphenyl (chem.) 2-365 
Polyploidy (biol.) 3-469 
Polypod (bot.), illus. 4-59 
Polypropylene (plastic) 6-280 
Polysaccharide 3-385, 391 
Polystyrene (plastic) 6-274, 
278, 280 
Polyunsaturated fatty acid 
(chem.) 5-381 
Polyvinyl chloride (chem.) 
cancer 5-475 
Pome (bot.) 4-114 


Pond 
pond water examined 
under microscope 6-323 
Ponderator (phys.) 3-356 
Ponderosa pine (tree) 4-166 
illus. 4-65, 167 
Pons (anat.) 5-270 
Pons, Jean-Louis (Fr. amateur 
astron.) 1-157 
Pons-Winnecke's comet 1-150 
Poplar (tree) 4-169; illus. 4-169 
Popocatepetl, volc., Mex. 2-63, 
66 
Popov, Leonid (Sov. cosmo- 
naut) 1-279 
Popovich, Pavel R. (Sov. cos- 
monaut) 1-277, 279 
Poppy (bot.) illus. 4-104 
Population 3—464 fol., 488; 
2-403 
ecology 3-491 fol. 
environmental pollution 
2-454 
Porcupine (z00!.) 3-479; 5-40 
illus. 3—479 
Pore fungus (bot.) 4-51 
Porifera see Sponge 
Porous rock 
ground water 2-169 
Porphyry (rock) 2-14, 50 
Porpoise (zool.) 5-61, 66 
Portal mine, illus. 6-29 
Port Jackson shark (zool.) 
3-471; illus. 4-320 
Portuguese man-of-war (zool.) 
4-202 
Positive (phot.) 6-241, 250, 251 
Positive acceleration (phys.) 
3-174 
Positive charge (elec.) 3-221 
Positive picture transmission 
(TV) 6-211 
Positron (phys.) 3-51, 315, 325 
cosmic rays 1-226, 227 
radioisotopes 3-326 
Postulate (math.) 1-368, 401 
Potassium (elem.) 3-42 
cells 3-386 
earth's crust, percentage of 
3-3 
macromineral 5-383 
ocean, salts of potassium 
in 2-227 
soil 4-20 
Potassium-40 (isotope) 
radioactive dating 2-284; 
6-354 
Potassium hydroxide (chem.) 
dry cell 3-151 
secondary battery 3-152 
Potassium nitrate (chem.) 3-95 
Potato (bot.) 
late blight 4-46 
tuber, illus. 4-95 


Potato beetle (insect), illus. 
4-259 
Potential, Electric 2-384; 
3-228 
Potential energy (phys.) 3-6 
Potoo (bird) 4-405 
Potto (zool.) 5-135 
POUCHED MAMMAL (zool.) 
5-18-24 
Pouched mouse (zool.) 5-24 
Poulsen, Valdemar (Dan. eng.) 
6-219 
Poultry bug (entom.) 4-263 
Pouter (pigeon) 4-399 
Powdery mildew (bot.) 4-48 
Power (math,) 1-348 
Power plant 
solar power plant, illus. 
2-346 
tidal energy 2-249 
See also Electric Power 
plant; Nuclear power 
plant 
Praesepe (astron.) 1-33 
Prairie (geog.) 2-87 fol. 
Prairie chicken (bird) 4-395; 


illus. 2-495 
Prairie dog (zool.) 2-490, 492; 
4-455; 5-38, 72 


Prairie wolf see Coyote 
Praseodymium (elem.) 3-42 
Prawn (zool.) 4-234 
bioluminescence 3-433 
Praying mantis (insect), i//us. 
4-262 
Pre-Cambrian time (geol.) 
2-280 
fossils 4-478 
Precession (astron.) 1-24, 104; 
illus. 1-104 
earth 1-103 
planetarium 1-57 
Precious stone (gem) 2-49 
PRECIPITATION (meteorol.) 
2-156-67, 118, 149, 154 
Predictive statistics see Statis- 
tical inference 
Pregnancy 
human embryology 5-318 
fol. 
smoking's effects on 
unborn child 5-443 
Prehistoric animals and plants 
fossils 4-475 fol. 
Prehistoric man, i//us. 3-474 
cave dwellers 2-103, 104 
fossils 4-489 
Preludin (drug) 5-433 
Premolar (anat.) 
carnivores 3-476 
human 5-245, illus. 5-245 
Pressure (phys.) 
boiling 3-207 
gases 3-13 
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472 


Pressure (cont.) 
ideal gas laws 3-13 
liquids 3-184 
measurement of pressure 
of gases 3-195; illus. 
3-195 
oceanic 2-230 
See also Atmospheric pres- 
sure 
Pressure cooker 3-207 
Pressure wave (phys.) 6-126 
fol.; illus. 6-127 
Pressurized cabin (aero.) 
6-112 
Presswork (printing) 6-235, 
236, 238; illus. 6-239 
Prevailing westerlies (winds) 
2-115, 131 
Priapulida (zool.) 4-188 
Pribilof Islands, Alas, 
fur seal rookeries 5-46 
Price, P. Buford (Amer. phys.) 
3-247 
Prickly-pear cactus (bot.), illus. 
4-153 
Pride (emotion) 5-306 
Pride (group of lions) 5-98 fol. 
Priestley, Joseph (Eng. chem.) 
plant studies 4-85 
Primary battery 3-149, 150 
Primary color 3-306; i//us. 
3-303 
Primary image (optics) 6-301 
PRIMATE (Zool.) 5-132-45, 14 
fossils 4-488 
humans 5-149 
tools, use of 4-459 
Prime focus (optics) 1-47 
telescope 1-38 
Principal focus (optics) 3-288; 
6-300 


Principal quantum number 
(phys.) 3-341 
Principia (book by Newton) 
3-162, 163 
Printed circuit (electron.) 6-147 
Printer (data output device) 
1-464, 470 
PRINTING 6-228-39 
photography 6-250 
Printout (data processing) 
1-466, 467 
Prism (geom.) 1-381; illus. 
1-332, 381 
Prism (optics) illus. 3-292 
refraction of light 3-295; 
illus. 3-334 
spectrum analysis 3-335 
Proactinium (elem.) 3-43 
PROBABILITY (math.) 
1-414-23 
algebra 1-365 
sex determination 5-336 
Statistics 1-413 
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Probability, Theory of (math.) 
1-333 
Probable error (statistics) 
3-415 
Problem, Scientific 3-404 
Problem solving 5-412 
experimentation 3-404 
fol. 
Proboscidea (zool.) 5-15, 108 
Proboscis monkey (zool.) 
5-148; illus. 5-137 
Procellariformes (ornith.) 
4-412 
Procellarum, Oceanus (moon 
feature) 1-313 
Process color printing 6-238; 
illus. 6-239 
Procyon (star) 1-35, 186, 193 
Producer gas (fuel) 2-333 
manufacture, illus. 2-334 
Product, Chemical 3-63 
Progesterone (hormone) 
5-319 
Programming, Computer see 
Computer programming 
Progressive determination 
(embryol.) 3-423 
Projectile 
thrust and recoil 3-178 
Projection (phot.) 3-293; 6-251 
Projection microscope (instru.) 
6-310 
Projective test (psych.) 5-293 
Projector, Planetarium 1-56, 
55; illus. 1-56, 57 
Proline (biochem.) 3-506 
Prometaphase (biol.) 3-395 
Promethium (elem.) 3—42 
Prominence (solar phenome- 
non) 1-67; illus. 1-67 
Promotor (chem.) 3-73 
Pronator muscle (anat.) 5-191 
Pronephros (embryol.) 5-325 
Pronghorn (antelope), illus. 
2-485 
Pronucleus (embryol.) 3-508, 
510, 511; 5-318 
Propane (chem.) 3-133 
Propeller 
aircraft 6-118 
Prophase (biol.) 3-395; illus. 
3-393 
Proportional counter (instru.) 
1-175 
Prop root (bot.) 4-91 
Prospecting 
natural gas 2-339 
ore deposits 6-28 
Prostate gland (anat.) 5-318; 
illus. 5-317 
Protactinium (elem.) 
nuclear energy 2-363 
Protective colloid (chem.) 
3-115 


Protective coloration (zool,) 
4-456 
insects 4—2£ 


PROTEIN (bioch 
5-384 427 fol., 


141, 381 


building a 
3-502 
cells 3-39 
enzymes 3 501, 503 
RNA 3-50 503 
virus 3- 
Proteinoid (p ke matter) 
1-319 1-318 
Prothallus (bot 


in, illus. 


1em.) 4-198, 
202, 3 
Protochordat ool.) 4-204, 
296 
Protococcus || 
coccus 
Proton (phy: fol.; 3-48, 
51, 53, 2 1 fol., 319; 
illus. 3-£ 5, 320 
atomic nur r 3-50 
cosmic ray 27 
electroche | reactions 
3-143 
equivalent tc 
in acid 3 
quarks 3 
Protonema (bot ) 4-54 
Proton linear accelerator 
(phys.) & 
Proton-proton reaction (phys.) 
1-76 
Proton synchrotron (phys.) 
6-359, 364; illus. 6-357 
Protoplanet (astron.) 2-5 
Protoplasm (bio!.) 3-374, 382; 
4-2; 5-158 
Protospongia (biol.) 4-193 
Protostar (astron.) 1-205 
Protosun (astron.) 2-5 
PROTOZOAN (biol.) 4—190-97, 
183 
bioluminescence 3-432, 
433 
Protractor (instru.) 1-370 
Provirus 3—401 
Provitamins D 5-375, 376 
Pseudopod (biol.) 3-393; 
4-191 
foraminifers 4-482- 
Pseudosphere (geom.) illus. 
1-402 
non-Euclidean geometry 
1-401 
Psilocybin (drug) 5-433 
Psilotophyta (bot.) 4-9 
Psittaciformes (ornith.) 4-401 
Psittacosis (parrot fever) 3-378 


see Pleuro- 


irogen ion 


Psychic secretion (physiol.) 
5-233 
Psychoactive agent 5-432 
PSYCHOLOGY 5-404-16 
bnormal personality 
5-297 
nimal behavior 4-454 
motions 5-299 
rsonality 5-290 
hosomatic medicine 
5-417 
Psy. :ophysiologic autonomic 
sorder 5-419 
Psy sis (psych.) 5-298 
holic psychosis 5-428 
Psy somatic disorder 
psych.) 5-298, 302 
PSYCHOSOMATIC MEDICINE 


417-21 
Psychrometer (instru.) 2-118; 
us, 2-116 
Ptarmigan (bird) 4-395; illus. 
394 
Pteranodon (paleon.) 4-486; 
us, 4-489 
Pteridophyte (bot.) 4-58 
Pte: dae see Sandgrouse 
Pterodactyl (paleon.) 4-485, 
36; illus. 4-475 
Pteropod ooze (marine deposit) 


229; illus. 2-228 
tribution in ocean, map 
2-229 
Pterosaur (paleon.) 4-486; 
JS. 4-489 
Ptercyiglutamic acid see Folic 
acid 
a (entom.) 4-259 
(entom.) 4-282 
c system (astron.) 1-4 
80, 296; illus. 1-5, 81 
Ptolemy, Claudius (Alexan- 
Jrian astron.) 
Almagest (star catalogue) 
1-181 
Ptolemy III (Egy. pharaoh) cal- 
endar 1-169 
Ptyalin (biochem.) 5-229 
p-type semiconductor 6-144 
p-type silicon (phys.) 
solar battery 2-381 
Puberty 5-355 
Pubis (anat.) 5-184; illus. 
5-181 
Public health 
environmental pollution 
2-455, 456 
Public transportation 6-95 
Public utility 
electricity 2-396 
Publishing 
microfilming 6-259 
Pudu (zool.) 5-122 
Puerperal period 5-330 


Puffball (bot.) 4-51; illus. 4-50 
Puffin (bird) 4-418; illus. 4-418 
Pulley (mach.) 3-159; illus. 
3-160 
Pulmonary artery (anat.) 5-207 
Pulmonary circulation 5-207 
Pulmonary valve (anat.) 5-208 
Pulmonary vein (anat.) 5-207, 
212 
Pulp (tooth) 5-244; illus. 5-244 
Pulpwood 6-15, 17 
PULSAR (star) 1-230-35, 11, 
199 
Crab Nebula 1-229 
Pulsating star (astron.) 1-196, 
191, 192 
Pulse (physiol.) 5-213 
sleep 5-401 
Pulsed radar 6-195 
Pulse-echo radio 6-193 
Puma (zool.) 5-104; illus. 
5-105 
Pump (mach.) 2-437, 447, 449 
air-life pump, illus. 2-437 
air pump 3-192; illus. 
3-193 
jet water pump 3-189; illus. 
3-188 
lift pump 3-190; illus. 
3-190 
vacuum pump 3-193, 194; 
illus. 3-194 
Pumping station 3-187 
intake pumping station, 
illus. 2-441 
Punched card (data process- 
ing) 1-459 
Pupa (entom.) 4-256, 278, 289 
butterflies and moths 
4-290 
Pupil (anat.) 5-275 
Purebred (genetics) 3-463 
Purification 
water supply 3-92 
Purkinje system (anat.) 5-213 
Purple heron (bird), illus. 4-423 
Pussy willow (tree) 4-170 
Pyemia (med.) 5-205 
Pygmy hippopotamus (zool.) 
5-113 
Pygmy marmoset (zool.), illus. 
—459 
Pygmy rattler (snake) 4-357 
Pyloric sphincter (anat.) 5-234 
Pylorus (anat.) 5-232 
Pyorrhea (dent.) 4-195; 5-247 
effects of, illus. 5-248 
Pyramid (arch.) 
Egyptian 6-11; illus. 1-366 
Pyramid (geom.) 1-383; illus. 
1-382 
Pyrethrum (chem.) 4-159 
Pyrex glassware 3-204 
Pyridoxine (Vitamin B,) 5-371 


Pyrite tetrahedrite (min.) 
crystal 3-122; illus. 3-122 
Pyroelectricity (phys.) 
minerals 2-46 
Pyrolysis (waste disposal) 
2-464 
Pyrosoma (zool.) 3-433 
Pyroxene (min.) 2—13, 14; illus. 
1-309 
moon 1-310 
Pyrrophytes (biol.) 4-34 
Pyruvic acid 3-392 
plant respiration 4-75 
Pythagoras (Gr. philos.) 1-90, 
371 


Pythagorean theorem (geom.) 
1-371, 395 

Pytheas (Gr. navig. and expl.) 
2-224 

Python (snake) 3-477; 4-349; 
352 


Q 


Quadrantid (meteor shower) 
1-166 
Quadrilateral (geom.) 1-373 
Quail (bird) 4-392; illus. 4-392 
Qualitative analysis (chem.) 
chromatography 3-124 
spectroscopy 3-335 
Quality of sound 3-268 
Quantitative analysis (chem.) 
electrochemical analysis 
3-146 
titration 3-98 
vapor chromatography 
3-128 
Quantum chromodynamics 
(phys.) 3-324 
Quantum mechanics, Laws of 
3-338 
Quantum number (phys.) 
3-313, 341; table 3-341 
QUANTUM THEORY (phys.) 
3-330-42, 349 
light 3-252 
predictions 3-314 
QUARK (phys.) 3-320-24, 
319 
Quark confinement (phys.) 
3-323 
Quartz (min.) 2-13, 14, 40, 45, 
50, 121, 228; illus. 2-42, 
47; 3-217 
beach sands 2-207 
Quartzite (rock) 2-18, 51, 164 
QUASAR (astron.) 1—236-39, 
11, 178, 199 
Quasi-stellar object see Quasar 
Quaternary period (geol.) 
2-283 
fossils 4-487, 488 
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474 


Queen (entom.) 
ant 4-266 fol.; illus. 4-267 
bee 4-272; illus. 4-271 
honeybee, illus. 4-270 
termite 4-276; illus. 4-276 
wasp 4-274 

Quinidine (drug) 5-217 

Quinine (drug) 
cinchona tree 4-175 


RABBIT (zoo!}.) 5-33-35; 2-489 
Raccoon (zool.) 5-84; illus. 
5-8, 84 


(tidal current) 2-247 
Raceme (bot.) 4-109 
Racer (snake) 4-353; illus. 
4-353 
RADAR 6-193-99; illus. 1-58; 
3-453 
atmospheric research 
2-109, 129 
cloud studies 2-153 
Loran (long-distance navi- 
gation) 1-379 
radio astronomy 1-59, 61 
space guidance 1-257, 260, 
262 
system based on the optics 
of frog's eye 3-454 
weather observations 
2-119 
Radar astronomy 6-199 


Radiant energy (phys.) 3-6 
Radiant heat 3-214; i//us. 
3-214 
Radiation (phys.) 3-348 
atmosphere 2-110 
big-bang theory 1-16 
black holes 1-243, 244 
cancer, cause of 5-475 
cancer treatment, illus. 
5-477 
cells damaged by, illus. 
5-477 
cosmic rays 1-223 
neutron stars 1-235 
organ transplants 5-461 
radiocarbon dating 6-350 
radioisotopes 3-325 
space flights’ effects on 
astronauts 1-275 
Stars, life cycle of 1-232 
Stimulated emission 3-349 
X rays 1-174; 6-342 
See also Electromagnetic 
radiation; Solar radiation 
Radiation belt see Van Allen 
radiation belt 


RADIO 6-174-86 
amateur and CB radio 
6-187 
atmospheric research 
2-109 
communications satellites 
1-266, 270 
radar 6-193 
Radioactive dating 2-284 
minerals and rocks 1-101; 


2-85 
See also Radiocarbon dat- 
ing 
Radioactive decay (phys.) 
3-59, 313, 325, 326; 
6-352 
dating methods 1-101 
meson 1-228 
Radioactive isotope see 
Radioisotope 


Radioactive waste 2-302 
fusion energy 2-372 
ocean pollution 2-232 
waste disposal’s relation to 

earthquakes 2-29 

Radioactivity 2-8 

mountains, formation of 
2-81 

radiocarbon dating 6-350 

radioisotopes 3-325 

RADIO ASTRONOMY 1-58-64, 
15; 3-255; 6-7 
black holes 1-241 
pulsars 1-230 
quasars 1-236 
Radioautography 6-349 
Radiocarbon see Carbon-14 
RADIOCARBON DATING 
6-350-55 

Radio-command guidance 
system (space flight) 
1-257, 258, 272; illus. 
1-258 

Radio compass (instru.) 6-114 

Radio cosmology 1-64 

Radiography (med.) 3-325, 327 

Radioheliograph (telescope) 

1-71 
RADIOISOTOPE 3-325-29, 59 
dating methods 2-284; 6- 
350 
radiocarbon dating 6-350 
Radioisotope tracer (phys.) 
3-325, 327, 328 
Radiolarian (biol.) 4-195 
Radiolarian ooze (marine 
deposit) 2-229; illus. 
2-228 
distribution in ocean, map 
2-229 

Radiometer (phys.), illus. 3-3 

Radionuclide see Radioisotope 

Radio relay 
telephone 6-169 


Radiosonde (soun 
2-109, 119 
illus. 2-119 
Radio star (astron 2 64 
Radio storm (astr 1-63 
Radio telescope 1 43, 60; 
illus. 1-10, § 19, 62, 64, 
317 
exobiologica 
1-325 
interstellar sç 202, 
203 
list of radio t es 
1-62 
pulsars 1-23 
radioheliogran 1-71 
Radiotherapy (m= 327; 
5-477 
Radio waves 3-2 
1-58; 6-141 >: illus. 
3-249 
atmosphere ton 
2-112 
hydrogen 1-€ 
ionosphere 1 
outer space 1 
propagation pole 
antenna, i/i 79 
television 6-20 
See also Radio 
Radium (elem.) 3-< 
Radius (anat.) 5 18. 
5-181, 182 
Radius of a circle ) 
1-374 
Radon (elem.) 3-4 
earthquake pred 
Raffia palm (tree) 4 
Rail 
steel product 6 
Rail (bird) 4-419 
RAILROAD 6-87-91 
coal, use of 2-332 
energy consumption 2-295 
Railroad worm (insect) 3-435 
RAIN (meteorol.) 2~ 156-67 
air pollution 2-46 
causes 2-115 
production, illus. 2-146 
Rainbow (meteorol.) 2-108; 
3-297; illus. 3-296, 297 
Rainbow boa (snake) 4-352 
Rainbow Bridge, Utah 2-421; 
illus. 2-421 
Rainbow cactus (bot), ///us. 
4-151 
Rainbow snake (zoo!.) 4-353, 
354 


g balloon) 
6-102; 


ration 


n 2-37 


Raindrop, illus. 3-296 
rainbows 3-297 
Rainfall 2-156 fol., 407, 415 
Rain gauge (instru.) 2-119: 
illus. 2-116 
Rainmaking (meteorol.) 2-124 


RAM see Random access mem- 
ry 
Rami (anat.) 5-178 
Ramjet (airplane), illus. 1-249 
engine 6-69, 124; illus. 


6-121 
Ramsey, W. H. (Brit. sci.) 2-59 
Rane piplens see Leopard frog 
Rane» Tidal Works, Fr, 2-249 
Rancom access (video record- 
19) 6-226 


Random access memory (com- 
ster sci.) 6-148, 149 


Rane tatistics) 3-414 
Range (zool.) 
5-98 
mammals 5-12 
Rang» of tolerance (biol.) 
2-490 
Ranger (spacecraft) 1-115, 267, 
80, 298 
Rang/leta River, N.Z., illus. 
424 
Rani ol.) 4-329 


Ranier, Mount, Wash, 2-193 
Rankine-cycle heat engine, 


15. 2-348 
Rano Paruku, volc., Easter Isl., 
15. 2-64 
Ranvier, Node of see Node of 
tanvier 
Rapid 2-421 


Rapid eye movement (REM) 
eep (physiol.) 5-400 
Rare-earth element (chem.) 
3-32 
Rarefaction (acoustics) 3-257 
fol 
Rare species (biol.) 2-489 
Ras Algethi (star) 1-33 
Ras A'hague (star) 1-33 
Rasse (z00l.) 5-93 
Rat (z901 ) 5-40; illus. 
5-10, 40 
caves 2-102 
learning ability 4-458 
nutrition experiments 
5-362 
Ratel (zool.) 5-89 
Rational number system 
(math.) 1-350 
Rat shrew (zool) 5-30 
Rat snake (zool.) 4-353, 354 
Rattlesnake (zool.) 3-477, 478; 
4-350, 355, 357; illus. 
4-351 
Raven (bird) 4-444 
Raw data (statistics) 3-414 
Rawin (weather-balloon sys- 
tem) 2-119 
Rawinsonde (radar wind 
sounding) 2-119, 129 
Ray (fish) 4-323 
Ray (geom.) 1-369 


Ray (moon feature) 1-107, 113, 
305 
Rayon (fiber) 3-116; 6-271; 
illus. 3-130; 6-270 
RCA Satcom (communications 
satellite) 1-272; illus. 
1-271 
Reactant, Chemical 3-63 
Reaction, Chemical see Chemi- 
cal reaction 
Reaction turbine (mach.) 
electricity, generation of 
2-391 
Reactor (elec. cable) 2-392 
Reactor, Nuclear see Nuclear 
reactor 
Reade, T. Mellard (Eng. geol.) 
2-81 
Read-only memory (computer 
sci.) 6-148, 149 
Real focus (optics) 3-288 
Real image (optics) 3-289; 
6-301; illus. 6-302 
Real number system (math.) 
1-351 
Rear axle (auto.), illus. 6-83 
Réaumur temperature scale 
6-391 
Reber, Grote (Amer. radio ama- 
teur) 1-60 
Receiver, Television 6-210 
Recent epoch (geol.) 2-283 
Recessive gene (genetics) 
5-339 fol. 
Recharging of batteries 3-152 
Reciprocating steam engine 
6-60; illus. 6-60, 61 
early version 6-57 
Recloser (elec. circuit breaker) 
2-395 
Recoil (backward thrust) 3-178 
RECOMBINANT DNA 
(biochem.) 3-04-07 
Recommended Dietary Allow- 
ance (U.S. RDA) 5-368 
protein labeling 5-386 
Record, Phonograph see Pho- 
nograph record 
Recordak (microfilmer), illus. 
6-259 
Recorder, Video cassette see 
Video cassette recorder 
Recording, Videodisc see 
Videodisc 
Recording of sound see Sound 
recording 
Recovery period (physiol.) 
5-394 
Recreation 
wilderness use 2-477, 478 
Rectangle (geom.) 1-374 
Rectifier (elec.) 3-231 
Rectilinear motion 3-172, 175 
Rectum (anat.) 5-238 


Recycling of waste 2-464, 496; 
illus. 2-466 
Red algae see Rhodophycota 
Red-bellied snake (z00!.) 
4-350, 354 
Red blood cell 3-327; 5-199, 
160, 176, 198; illus. 
5-198, 203, 373 
anemia 5-373 
mammals’ adaptation to 
altitude 5-7 
vitamin B” §-373 
Red bug see Chigger 
Red cedar (tree) 4-168; illus. 
4-167 
Red clay 
ocean bottom 2~229 
Red Data Book (endangered 
species information) 
2-490, 494 
Red deer (z00!.) 5-118; illus. 
5-119 
Red eft (newt) 4-335; illus. 
4-331 
Red fox (z00!,) 5-76; illus. 5-76 
Red giant star 1-187, 219, 232 
R see Abyssinian wolf 
cked grebe (bird), illus. 
4-414 
Red shift (astron.) 1=10, 14; 
illus, 1-237 
black holes 1-242 
galaxies 1-222 
quasars 1-236, 237, 239 
Red soil 
formation 2-286 
Red spider mite (insect) 4-158 
Red supergiant star 1-219 
Red tide 2-228 
dinoflagellate, illus. 4-192 
Reduction (chem.) 
electrochemical reactions 
3-143, 145 
nonmetals 3-84 
Red wolf (zool.) 2-491; 5-71; 
illus. 5-70 
Redwood (tree) 4-5, 6, 165, 
168; illus. 4-74, 167 
Reedbuck (z00l.) 5-130; illus 
5-129 
Reed instruments (mus.) 3-278 
Reef (geol.) 2-214, 219, 262, 
267 
fossils 4-479, 481 
Re-entry nose cone (aero.) 
6-131; illus, 6-132 
Refinery, Petroleum 2-316; 
illus. 2-310, 311 
Refining of petroleum 2-316 
Reflecting telescope 1-38, 44, 
47, 48; illus. 1-36, 37, 42, 
43 
Reflection of light 3-282, 286; 
illus. 3-283, 284, 286, 296 


INDEX 


475 


476 


Reflection of sound 3-263 
Reflector see Reflecting tele- 
scope 
Reflector, Solar see Solar 
reflector 
Reflectoscope (instru) 6-289 
Reflex action (biol., psych.) 
5-253, 265; illus. 5-255 
Reflex angle (geom.) 1-370 
Reflex arc 5-265; illus. 5-267 
Reflex camera 6-242 
Reflex center (anat.) 5-265 
Reforestation 2-405 
Refracting telescope 1-38, 42, 
44,47 
Refraction of light 3-285; i//us. 
3-286, 296 
microscopes 6-299 
telescopes 1-38 
Refraction of sound 3-263 
Refractor see Refracting tele- 
scope 
Refrigerants 3-34 
Refrigeration 
cryogenics 6-328 
dry ice 3-19 
food spoilage 4-26 
solar energy 2-353 
Refuse see Solid waste 
Regal python (snake) see Retic- 
ulated python 
Regenerator 
open-hearth furnace 6-48 
Regolith (geol.) 4-11 fol.; 
1-308, 313 
Regulus (star) 1-33 
Reinforced concrete 6-24 
water pipes 2-447 
Reinforced plastics 6-284: 
llus. 6-284 
Rejection of transplanted 
organs 5-461 
Relativistic particles (phys.) 
3-356 
RELATIVITY, THEORY OF 
3-350-60; 1-13 
black holes 1-240, 245 
elementary particles 3-311 
Relay (communications satel- 
lite) 1-270, 272 
Relief printing see Letterpress 
printing 
REM sleep see Rapid eye 
movement sleep 
Remora (fish), illus. 4-318 
Renaissance 
engineering 6-12 
Rennet 
cheese making 3-75 
Rennin (enzyme) 
cheese making 3-75 
Repeater 
telephone 6-172 
Replete (insect) 4-271 


INDEX 


Reproducer circuit 6-185 
Reproduction (biol.) 3-375 
acorn worm 4-298 
amphioxus 4-299 
angiosperms, illus. 4-62 
animal 4-180 
bacteria 4-23, 25 
bird 4-375 
cloning 3-508 
crocodiles 4-362 
dolphins 5-63 
egg-laying mammals 5-16 
fish 4-313; illus. 4-315 
flowering plants 4-82 
gymnosperms, illus. 4-62 
humans 5-153 
insect 4-255 
lizards 4-342 
marsupial 5-18 
owls 4-389 
plant 4-5 
sharks 4-318; illus. 4-317 
sponges 4-199 
whales 5-52 
See also Asexual reproduc- 
tion; Sexual reproduc- 
tion 
Reptile (zool.) 
crocodiles 4-361 
evolution 3-471 
fossils 4-482 fol. 
lizards 4-337 
mammals’ ancestors 5-3 
migration 4-472 
snakes 4-346 
turtles 4-358 
Reptiles, Age of see Mesozoic 
era; Upper Cretaceous 
period 
Reservoir (water supply) 
2-435, 407, 448; illus. 
2-439 
Residual fuel oil 2-317 
organic-waste conversion 
2-376 
Resin 4-65 
Resin, Synthetic 6-274 fol.; 
illus. 6-274 
(phys.) 3-177 
ince, Electrical 2-396; 
3-232, 234 
Resistance heating 2-396 
Resolution (Resolving power) 
(optics) 6-304, 316; 
1-37, 42; illus. 6-327 
Resonance (acoustics) 3-260 
Resonant particle (phys.) 
3-319 


Resources, Conservation of 
2-400 
Respiration 3-391 
animal 4-180 
atmosphere 2-105 
bacteria 4-25 


Respiration (cont | 
bird 4-373 
breathing, muscles 
involved in, illus. 5-197 
exercise 5-391 
fish 4-309; illus. 4-309 
human respiratory system 
5-220 
mammals 5-4 
plant 4-4, 63. 
RESPIRATORY SYSTEM 
§-220-28, 161, 181; illus. 
5-166 
allergies 5-445 
REST (physiol.) 5-389--95 
sleep 5-396 
Rest mass (phys.) 3-311 
Restriction enzyme (biochem.) 
3-505 
Retention (psych.) 5-311 
Retention curve (psych) 
5-312; illus. 5-312 
Reticulated python (snake) 
4-352 
Retina (anat.) 5-276: i//us. 
5-276, 279 
ultrasonic r 
detect deta 
illus. 6-290 
Retinal fatigue 3 
Retinene (bioch: 
Retinol (vitamin) 5 
Retrieval (psych 
Retro-rocket 1 
Retting process ífi 
4-26; illus. 4 
Réunion, isl., Indian Ocean 
2-62 
Reverberation (acoustics) 
3-263, 270 
Reverberatory furnace 
copper smelting 6-38; illus. 
6-38 
lead smelting 6-36 
Reversible reaction (chem.) 
3-66 
Revolution (geo!.) 2-284 
4-478 
Revolutionary Calendar (Fr.) 
1-172 
Rhea (astron.) 1-136; illus. 
1-132 
Rhea (bird) 4—380; illus. 4-380 
Rhenium (elem.) 3-43 
Rhesus monkey (z00l.) 5-139 
substitute mother experi- 
ments, illus. 5-413 
Rheumatoid arthritis (med.) 
5-456, 459 
Rheumatoid factor (biochem.) 
5-457 
Rh factor (biochem.) 5-206 
Rhine River, Eur. 
pollution 2-456 


ner used to 
ed retina, 


Rhinoceros (zool.), illus. 
4-179 

Rhizoid (bot.) 4-54 

Rhizome (bot.) 4-94 

fern 4-58 

Rhodium (elem.) 3-43 

Rhodophycota (bot.) 4-8, 41, 
136; illus. 2-267 

Rhodopsin see Visual purple 

Rhomboid (geom.) 1-374 

Rhombus (geom.) 1-374 

Rhyolite (rock) 2-14, 50 

Rib (anat,) 5-180; illus. 5-150 

Alb cartilage (anat.) 5-180 

Riboflavin (Vitamin B,) 5-370, 
368 

growth of rat, effect on, 

illus. 5-371 

Ribonucleic acid see RNA 

Ribosome (biochem.) 3-388, 
431, 503 

Riccia (bot.) 4-57 

Riccioli, Giovanni (It. astron.) 
1-112 

Rice threshing, illus. 5-379 

Richardson, Lewis F. (Eng. 
meteorol.) 2-122 

Richter, Burton (Amer. phys.) 
3-322; illus. 3-324 

Richter Magnitude Scale (seis- 
mol.) 2-34 

Rickets (med.) 5-186, 375, illus. 
5-376 

Ricketts, H. T. (Amer. phy.) 
3-378 

Rickettsia (biol.) 3-378 

Ride, Sally K. (Amer. astro.) 
1-279 

Ridge, Mid-oceanic see Mido- 
ceanic ridge 

Riemann, George Friedrich 
Bernhard (Ger. math.) 
1-335, 401 

Riemannian geometry (math.) 
1-335, 401 fol. 

Rigel (star) 1-35, 186 

Right angle (geom.) 1-370 

Right ascension (astron.) 1-20; 
illus. 1-18 

Right sphere (astron.) 1-22 

Right triangle (geom.) 1-371, 
387; illus. 1-387 

Right whale (zool.) 5-57 

Rigid airship 6-102 

Rill (moon feature) 1-107, 113, 
308 

Rill mark (beach) 2-209; illus. 
2-208 

Rime see Frost 

Rimstone (cave formation) 
2-100 

Ringhal (snake) 4-356 

Ring nebula in Lyra (astron.), 
illus. 1-210 


Ring-necked pheasant (bird) 
4-394; illus. 4-393 
Ring-necked snake (zool.) 
4-350, 353; illus. 4-352 
Rings of Saturn (astron.) 1-132 
fol.; illus. 1-129, 131, 132, 
136 
Ringworm (disease) 4-53 
Rip tide (ocean current) 2-204 
Risso's dolphin (zool,) 5-66 
Ritter, Johann Wilhelm (Ger. 
phys.) 3-249 
RIVER 2-180-89, 417 fol. 
delta 2-422; 3-114 
great rivers of world, table 
2-189 
pollution 2-403, 456, 458 
sediment flow studied with 
radioisotopes 3-327 
River snakes (zool.) 4-353 
RNA (biochem.) 3-496-503, 
385, 430, 459 
virus 3-398, 401 
Roadrunner (bird) 4-403; illus. 
4-404 
Roads 
urban mass transportation 
6-94 
Roan antelope (zool.) 5-128, 
129 
Roaring forties (meteorol.) 
2-115, 131 
Robber crab (zoo!.) 4-236, 473 
Robin (bird) 4-435; illus. 4-432 
breeding season behavior 
3-491 
cuckoo being fed by robin, 
illus. 4-374 
Robot (mach.) 6-369, 375; ///us. 
6-368 
Robotics 3-375, 450 
Robot probe (space explora- 
tion), illus. 1-12 
Rochas, Alphonse Beau de 
(Fr. eng.) 
four-stroke engine 6-71 
Roche, Edouard (Fr. astron.) 
1-134, 135 
Roche moutonné (geol.) 2-198 
Roche's limit (astron.) 1-134, 
135 
Rock (geol.) 2-6 
climate's effect on 2-286, 
287 
earth 1-100 
earth's crust 2-10 
geological time scale 
2-279 fol. 
geothermal energy from 
dry hot rock 2-356 
ground water 2-169 fol. 
intrusive masses, types of 
illus. 2-11 
magnetization 2-21 


Rock (cont.) 
mid-oceanic ridge 2-275 
moon rocks 1-302, 308, 
282 
moon rocks, dating of 
1-313 
mountains 2-76 fol. 
volcanic ash 2-432 
volcanic rock 2-69 
wind erosion 2-426 
Rock aster (bot.), illus. 4-107 
Rock basin (geol.) 2-194 
ROCK COLLECTING 2-50-51 
Rock dove (bird) 4-399 
Rocker arm (auto engine) 6-77; 
illus. 6-77 
ROCKET (aero,) 1—246-53, 254 
atmospheric research 
2-109 
cosmic-ray research 
1-226 
escape velocity 1-432 
manned spacecraft 1-276 
moon exploration 1-298 
retro-rocket 1-275, 276 
Saturn 1-281 
X-ray astronomy 1-175 
Rocket engine 6-69, 122 
Rock hydax (zool.), illus. 2-402 
Rock salt see Sodium chloride 
Rockweed (bot.) 4-40; 140; 


illus. 4-41 
Rocky Mountains, N. Amer. 
2-82 
precipitation 2-157 
wind 2-132 


Rocky Mountain spotted fever 
(disease) 4-249 
Rod (anat.) 5-276 
RODENT (zool.) 5-36-43, 14 
teeth 3-476 
Rod mill (metal.) 6-31; illus. 
6-30 
Roe deer (z00!,) 5-123 
Roentgen, Wilhelm Konrad 
(Ger, phys.) 3-251; 6-342 
Roentgen ray see X ray 
Roll (vehicular motion) 1-258 
Rolling of steel 6-51 
ROM see Read-only memory 
Roman numerals 1-341; illus. 
1-343 
Rome, Ancient 
calendar 1-169 
engineering 6-11 
numerals 1-341 
traffic problems 6-92 
Rondel skate (fish), illus. 4-322 
Room-and-pillar mining 2-325, 
327, 330; illus. 2-326 
Roosa, Stuart A. (Amer. astro.) 
1-278 
Roosevelt, Theodore (Amer. 
pres.) 2-477 


INDEX 


477 


478 


ROOT (bot.) 4-89-92 
cactus 4-151 
seed plants 4-61, 69 
Root (math.) 1-348 
Roquefort cheese 2-103 
Rorqual (whale) 5-55 
Rorschach test see Inkblot test 
Rose (bot.) illus. 4-105 
Roseate spoonbill (bird) 
4-425 
Rosette Nebula in Monoceros 
(astron.), illus. 1-211 
Rosewood (tree) 4-173 
Rosse, 3rd Earl of (Brit. 
astron.) 1-218 
Rossi, Bruno (It. phys.) cosmic 
rays 1-226 
Rotary drilling 2-312; illus. 
2-312 
Rotary engine 6-69 
Rotary press (printing) 6-236, 
237 
Rotation 
earth 1-101, 102; 2-129, 
245 
galaxies 1-220, 222 
Milky Way 1-212 
planets 1-86 
Rotation of the earth 1-101, 
102 
tides 2-245 
wind 2-129 
Rotenone (chem.) 4-159 
Rotogravure (printing) 6-237 
Roughage (dietary fiber) 5-386 
ROUNDWORNM (zool.) 
4-212-15 
Royal antelope (zool.) 5-131 
I (entom.) 4-272 
jelly (entom.) 4-272 
Royal poinciana (tree) 4-173 
Rozier, Pilatre de (Fr. balloon- 
ist) 6-100 
RP-1 (rocket fuel) 1-248 
RR Lyrae (star) 1-198 


Ruang, Mount, volc., Java, illus. 


2-65 
Rub’ al Khali, desert area of 
Arabia 2-93 
Rubber, Synthetic 6-272 
petroleum 2-318 
rocket fuel 1-250 
Rubber boa (snake) 4-352 
Rubber plate (printing) 6-235 
Rubber tree (bot.) 4-171, 174 
Rubidium (elem.) 3-43 
Rubidium-87 (isotope) 
radioactive dating 2-284; 
6-354 
Ruby laser, i//us. 6-340 
Rudder, Airplane 6-117 
Ruffini, Remo (Amer. sci.) 
1-242, 244 
Ruga (anat.) 5-232 


INDEX 


Rukavishnikov, Nikolai N. 
(Sov. cosmonaut) 1-278 
Rumford, Count (Benjamin 
Thompson) (Amer.-born 
Brit. phys.) 3-197; illus. 
3-197 
Ruminant (zool.) 5-10, 116 
antelope family 5-126 
camels and llamas 5-114 
Runcorn, Keith (Brit. sci.) 2-60 
Running (sport) 
oxygen debt 5-393; illus. 
5-394 
Runoff (geol.) 2-415 
Rippel’s fox (zool.) 5-76 
Rush (bot.) 4-485 
Russell, Bertrand (Brit. math., 
philos.) 1-334, 445 
Russell's paradox (math.) 
1-445 
Russell's viper (snake) 4-357 
Russian thistle (bot.) 4-124 
Rust (bot.) 4-49; illus. 4-49 
Ruthenium (elem.) 3-43 
Rutherford, Ernest (Brit. sci.) 
3-47, 336, 404; 2-360; 
illus. 3-331 
Rutherfordium (elem.) 3—45 
Rutting season 
deer 5-119 
moose 5-123 
“R” value (thermal insulation) 
3-210 
Ryle, Martin (Brit. astron.) 1-63 
Ryumin, Valery (Sov. cosmo- 
naut) 1-279 


S 


Saber-toothed cat (paleon.) 
4-488, 489 
Sabine, Wallace C. (Amer. 
phys.) 3-270 
Sable antelope (zool.) 5-128, 
130; illus. 5-129 
Saccule (anat.) 5-289; illus. 
5-288 
Sacculina (z00l.) 4-238; illus. 
3-473 
Sac fungus (bot.) 4-47 
Sacral vertebra (anat.) 5-179 
Sacroiliac joint (anat.) 5-180 
Sacrum (anat.) 5-179, 180, 184 
Saddle-leaved philodendron 
(bot.), illus. 4-157 
Saddle point (game theory) 
1-428 
Safety 
coal mining 2-328 
lightning, safeguards 
against 2-144 
nuclear reactors 2-366 
swimming 2-204 


Safety factor (er 
Safety lamp 2-32 
Sagitta (conste yn) 1-34 
Sagittarius (constellation) 
1-33; illus. 1-179, 212 
dark area 1 
Sago palm (tree 


66, 169 
4-152; 
149 

Sahara, desert, 4 10 fol., 

86, 87, 401 2-92, 
288 
dust storms 2 1 
sand dunes 4 
Sahuaro, Lake, A 2-436 
Saint Elmo's fire teorol.) 
2-140 
Saint Helens, Mount. volc., 
Wash, 2- 69; illus. 
2-25, 63 
SALAMANDER 
4-330-3 
2-104; 4- 
caves 2-103 
life cycle 4- 
longevity 4 
migration 4 

Sales engineer 6 

Saliva (physiol.) 5 

Salmon, illus. 2 

4-463 
migration 3 

illus. 4—47 
school, illus. 4-304 

SALT (chem.) 3 3 

blood 5-199 
cells 3-38 
electrolyte 
halide salts 2 
ocean 2-226 
sedimentary d J 
sedimentary rock 2-51 
See also Sodium chloride 

Salt, Common see Sodium 

chloride 

Salt, Table see Sodium chlo- 

ride 

Saltatory propagation (phys- 

iol.) 5-265 
Salt dome (geol.) 
oil deposits 2-310 
Salt grass (bot.) 2-178; illus. 
2-178 
Saltpeter (chem.) 
guano 2-102 
Salt water see Seawater 
Salyut (space station) 1-279, 
284, 285; illus. 1-292 
Samara (bot.) 3-481; 4-115, 
174; illus. 4-165 

Samarium (elem.) 3—43, 6-354 

Samos (spacecraft) 1-266 

Sample space (math.) 1-417; 

illus. 1-418 


336; illus. 


186 


Sampling (statistics) 1-406; 
-410 
San Andreas fault, Calif. 2-22, 
23; illus. 2-36, 81 
Sand (geol.) 2-15; 4-14 fol.; 
illus. 4-14 
beach sands 2-207, 209 
caves 2-101 
climate's effect on 2-286 
fulgurite 2-144 
quartz 2-40 
radioisotope studies of 
coastal drift 3-327 
wind erosion 2-425 fol. 
Sandage, Allan R. (Amer. 
astron.) 1-236 
Sandblasting (wind erosion) 
2-426; illus. 2-430 
Sand boa (snake) 4-352 
and dollar (zool.) 4-207; illus. 
4-205 
Send dune (geol.) 2-426 fol., 
425; illus. 2-428 
cross-bedding 2-286 
and flea (insect) 
infection by luminous bac- 
teria 3-433 
Sand fox (zool.) 5-76 
Sandgrouse (bird) 4-397 
Sandpiper (bird) 4-416, 464; 
illus. 4-376, 415 
Sand shark (fish) 4-321 
and spit (geol.) 2-214 
sandstone (rock) 2—15, 18, 50; 
illus. 2-12, 287 
ground water 2-174, 177 
natural bridges 2-99 
Sandstorm 2-426; illus, 2-92 
Sandwich Trench, Atlantic 
Ocean, illus, 2-224 
Sandwich-type panel 
building material 6-26 
San Fernando, Calif. 
earthquake damage, illus. 
2-34 
San Francisco, Calif. 
waste disposal 2-464 
Sanitary landfill see Landfill 
Sanitation 
ground water 2-178 
Santa Barbara, Calif. 
oil spill 2-460 
Santos-Dumont, Alberto (Braz. 
aviator) 6-101 
Sap (bot.) 4-97 
Saprophyte (biol.) 3-487; 4-24, 
44 


seed plants 4-61 
Sapwood (bot.) 4-96 
Sarcodina (zool.) 4-194 
Sarcoma (med.) 5-473 
Sarcoplasma (anat.), illus. 

5-190 
Sardine (fish) 4-471 


Sargasso Sea, Atlantic Ocean 
2-258; 4-40 
eels, spawning of 3-484 
Sargassum (bot.) 4-40, 140; 
illus. 4-40 
Saros (astron.) 1-148 
Sassafras (tree) 4-173 
Sastrugi 2-197 
Satcom see Communications 
satellite 
Satellite (astron.) 1-18, 84, 86 
Jupiter's moons 1-124 
Mars’ moons 1-122 
moon 1-106 
Neptune's satellites 1-139 
Saturn's satellites 1-135, 
134 
Uranus’ satellites 1-137 
SATELLITE, Artificial 
1-261-68; illus. 1-254 
tol. 
atmospheric research 
2-109 
communications satellites 
1-269 
cosmic-ray research 1-226 
guidance 1-254 fol. 
Laser Geodynamic Satel- 
lite, illus. 2-8, 9 
moon exploration 1-298 
nuclear electric power gen- 
erator 3-329 
Orbiting Solar Observatory 
1-71 
solar battery 2-382 
solar power station 2-351 
space stations 1-285 
weather satellites 2-120, 
137 
X-ray astronomy 1-175, 178 
Saturated fatty acid 5-380 
Saturated hydrocarbon 
(chem.) 3-133 
Saturated solution (chem.) 
3-101 
Saturation (color) 3-307 
Saturation zone (ground water) 
2-170; illus. 2-170 fol. 
SATURN (planet) 1-129-36, 83, 
86; illus. 1-89 
life, unsuitability for 1-322 
satellites 1-84 
space probe 1-268 
Saturn (rocket) 1-281; illus. 
1-247, 253 
Saturn's family of comets 
1-155 
Saussure, Horace de (Swiss 
sci.) 2-118 
Savinykh, Viktor (Sov. cosmo- 
naut) 1-279 
Sawdust 6-20 
spontaneous combustion 
3-65 


Sawfish ray (fish) 4-324; illus. 
4-321 

Sawtimber 6-14 

Saw-whet owl (bird) 4-390 

Scablands, Wash., illus. 2-416 

Scala media see Middle stair- 
way 

Scalar (math.) 3-181 

Scala tympani see Stairway of 
the tympanum 

Scala vestibuli see Stairway of 
the vestibule 

Scale (mus.) 3-275 

Scale (zool.) 

snakes 4-347 

Scale insect (entom.) 4-158, 

263 


Scaling (statistics) 
psychological standards 
5-407 
Scallop (zool.) 4-221; illus. 
4-222 
Scandium (elem.) 3-43 
Scanner (med.) 3-327; illus. 
6-344 
ultrasonic scanner 6-291; 
illus. 6-290 
Scannine (electron.), illus. 
6-205 
television 6-201 fol. 
Scanning electron microscope 
(instru.) 6-315 
micrographs, illus. 6-313, 
315 
Scaphopod (zool.) 4-225 
Scapula (anat.) 5-182; illus. 
5-181 
Sca idae (entom.) 4-284 
Scarab beetle (insect) 4-277, 
284; illus. 4-281, 282, 284 
Scarlet fever (disease) 
kidney damage 5-259 
Scarlet flamingo (bird) see 
Greater flamingo 
Scarlet tanager (bird) 4-439; 
illus. 4-424 
Scattering of light 
clouds, colors of the 2-152 
sky, color of 2-106 
Scaup duck (bird) 4-422 
Scent gland (zool.) 3-479 
Schatz, Albert (Amer. 
biochem.) 5-481 
Scheiner, Julius (Ger. astron.) 
1-219 
Schiaparelli, Giovanni Virginio 
(It. astron.) 
Mercury 1-91 
Schindleria (fish) 4-304 
Schirra, Walter M., Jr. (Amer. 
astro.) 1-277, 278 
Schist (rock) 2-18, 51 
Schizocarp (bot.) 4-115 
Schizophrenia (psych.) 5-298 
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480 


Schleiden, Matthias Jakob 
(Ger. physiol.) 3-382 
Schmidt, Maarten (Du.-Amer. 
astron.) 1-236 
Schmidt telescope 1-39, 44, 
48; illus. 1-38 
Schmitt, Harrison H. (Amer. 
sci., astro.) 1-279, 284, 
308; illus. 1-112 
Schmutzdecke 2—440 
Schonland, Sir Basil (S. Afr. 
sci.) 2-138 
Schrieffer, J. Robert (Amer. 
phys.) 3-370 
Schrödinger, Erwin (Ger. 
phys.), illus. 3-331 
atom 3-47, 339 
Schrédinger wave equation 
(phys.) 3-339, 341 
Schwann, Theodor (Ger. phys- 
iol.) 3-382 
Schweikart, Russell L. (Amer. 
astro.) 1-278 
Science 
engineering compared with 
6-2 
Scientific notation (math.) 
1-359 
Scissorbill (bird) see Skimmer 
Scissors (tool) 3-156 
Sclera (anat.) 5-275 
Scleroderma (disease) 5-458 
Score (communications satel- 
lite) 1-272 
Scoria (rock), illus. 2-51 
Scorpion (zool.) 4-248; illus. 
4-47 
fossils 4-481 
Scorpius (constellation) 1-33 
Scotch pine (tree) 4-166 
Scott, David R. (Amer. astro.) 
1-277, 278, 283 
Scouring rush see Horsetail 
Screech owl (bird) 4-390 
Screening (metal.) 6-30; illus. 
6-30 
Screw (mach.) 3-158; illus. 
3-158 
Screwworm fly (insect) 3-328 
Scripps Canyon, submarine 
canyon, Calif. 2-263 
Scrotum (anat.) 5-318; i//us. 
5-317 
Scrub typhus (disease) 4-249 
Scurvy (disease) 5-367, 374 
Sea see Ocean 
Sea anemone (zool.) 4—202, 
235; illus’ 2-267; 3-487; 
4-179, 203 
bioluminescence, illus. 
3-435 
Sea birds 4-425 
Sea breeze (wind) 2-116, 156 
Sea cave 2-101 
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SEA COW (zool.) 5-67-68 
Sea cucumber (zool.) 4-208; 
illus. 4-208 
Sea elephant (zool.) 5-49 
Sea floor spreading, Theory of 
(geophys.) 2-28 
Sea gull (bird) 4-414 
Sea horse (zool.) 3-482 
SEAL (zool.) 5-44-49; 2-489; 
illus. 4-469 
migration 4-467 
Sea Lab experiment 
(oceanog.) 2-278 
Sea lamprey (fish) 4-470 
Sea lily (zool.) 4-208 
fossils 4-480 fol. 
Sea lion (zool.) 5—44 fol.; illus. 
3-483 
Sea mink (zool.) 2-485 
Seamount (oceanog.) 2-266 
Sea mouse (zool.) 4—230 
Sea otter (zool.) 5-90 
tools, use of 4-459 
Seaplane 6-106 
Seaquake (seismol.) 2-31 
Sea scorpion (paleon.) see 
Eurypterid 
SEASHORE 2-203-14 
Sea snail (z00l.) 
micrograph of nerve fibers 
and knobs, illus. 5-261 
Sea snake (zool.) 4-355, 357 
Seasonal dimorphism (zool.) 
butterflies and moths 
4-289 
Seasons of the year 1-102, 
103; illus. 1-103 
biological rhythms and 
clocks 3-443 
calendar 1-169, 173 
jet stream 2-110 
Sea spider (zool.), illus. 
2-223 
Sea squirt (zool.) 3-379; 
4-298; illus. 4-296, 298 
bioluminescence 3-433 
Sea swallow (bird) see Tern 
Sea turtle (zool.) 4-359 
Sea urchin (zool.) 4-207; illus. 
4-185, 207 
Seawater 
density and buoyancy 
3-185, 186 
desalting see Desalting of 
saline water 
earth's age, calculation of 
1-100 
electrolysis, illus. 3-149 
nuclear fusion 2-372 
salt content 2-226, 227: 
3-91 
sampling methods 2-277 
Seaweed fungus (bot.) 4-46 
Sebaceous gland (anat.) 5-172 


Secondary battery 
Storage 
Secondary color 6; illus. 
3-303 
Secondary image optics) 
6-301 
Secretin (biocher 236 
Secretion, Cellular 3-393 
Secular variation ©’ earth's 
magnetic 3-246 
Sedative (drug) § 432 
Sedge (bot.) 
rhizome, il); 
Sediment (geo! 
delta, form 
211 
mountains on of 
2-76, 80 
radioisotope ies of 
river sedim JW 
3-327 
water supp! 
2-441 fo 
Sedimentary roc 
50, 6, 10C 
fossils 2—2£ 5 
minerals 2- 
mountains 4 
volcanic ash 2 
Sedimentation re: ^i red 
blood celis 00 
126-32 
26 fol., 117 


Battery 


2-186, 


oval from 


1.) 2-15, 


See also See j fruit dis- 
persal; See ant 
SEED AND FRUIT D'SPERSAL 

(bot.) 4-11 
adaptations 3 1 
Seed coat (bot.) 4—1 
Seed fern (paleon 482 
Seedling (bot.) 4-12 
SEED PLANT (bot.) 4-61-70, 
126-32, 5 
flowers 4-103 
fruits and seeds 4-111 
leaves 4-99 
roots and stems 4-89 
seed 4-111 
seed and fruit dispersal 
4-119 
seed germination 4-126 
fol., 117 
Seepage spring (geol.) 2-172 
Segregation (genetics) 5-339; 
illus, 5-339 
Seiche (ocean wave) 2-239 
earthquakes 2-31 
Seismic surveying (oceanog.) 
2-271 
Seismic wave see Tidal wave 
Seismograph (instru.) 2-34, 53 
natural gas, prospecting for 
2-339 


Seismograph (cont.) 
petroleum, prospecting for 
2-312 
Seismology (sci.) 2-28 
See also Earthquake 
Sei whale (zool.) 5-55 
Seiden, George B. (Amer. inv.) 
6-71 
Selectavision videodisc sys- 
tem 6-227; illus. 6-225 
Selective absorption 3-304 
Selective flotation (metal.) 6-32 
Seienium (elem.) 3-43 
trace element in human 


body 5-383 

Se/enography (branch of selen- 
ology) 1-301 

Se! enology (field of astron.) 
1-301 

Se!'regulating machine see 


Automatic machine 
Solway-Bitterroot wilderness, 
\daho-Mont. 2-479 
n (physiol.) 5-318 
icircle (geom.) 1-375 
Səmiconductor (phys.) 6-143; 

2-397 

tegrated circuit 6-147 
microcomputer 6-147 


insistors 6-143 
Semidiurnal tide 2-244, 245 
Seminal vesicle (anat.) 5-318; 

llus, 5-317 


Se permeable membrane 
smosis 3-104, 25, 387 
Semiprecious stone (gem) 
2-49 
Sense and sensation 
bionics 3-451 
birds 4-373 
evolutionary development 
3-473 
fish 4-310 
psychology 5-408 
skin 5-171 
smell, taste, and touch 
5-285 
snakes 4-347 
See also Nervous system 
Sense organ see Sense and 
sensation 
Sensible horizon (astron.) 1-20 
Sensitization (physiol.) 5-445 
Sensor (guidance-system ele- 
ment) 1-257, 259 
Sensory area (anat.) 5-267; 
illus. 5-269 
Sensory fiber see Afferent fiber 
Sensory-motor learning 
(psych.) 5-411 
Sensory receptor (anat.) 
5-254; illus. 5-255 
Sensory stimulus 5-296 
Sepal (bot.) 4-104 


Sepia (pigment) 4-219 
Septic tank 2-506 
Septum (anat.) 5-177, 208; 
illus. 5-177 
Sequence (math.) 1-362 
Sequoia (tree) 4-168; 5-331; 
illus. 4-167; 5-331 
Serenitatis, Mare (moon fea- 
ture) 1-315 
Serial transfer (cloning) 3-509 
Series (math.) 1-362 
Series electric circuit 3-235; 
illus. 3-234 
Serpens (constellation) 1-33 
Serpent cactus (bot.) illus. 
4-155 
Serpentine (min.) 2-41 
Serpent star (zool.) 4-206 
Serpulid reef (geol.) 2-214 
Serum (med.) 4-29; 5-258 
Serum albumin (biochem.) 
5-198, 206 
Serval (zool.) 5-107 
Service module (spacecraft 
component) 1-281 
Servomotor 6-367 
SET THEORY (math.) 
1-438-45, 335 
Setti, Gianncarlo (It. astron.) 
1-239 
Settling basin 2-442; illus. 
2-441, 443 
Sevastyanov, Vitaly I. (Sov. 
cosmonaut) 1-278, 279 
Sewage (waste) 2-456, 497, 
500 fol., 505; illus. 2-452 
eutrophication 2-457 
treatment plant 2-457; 
illus. 2-504 
water pollution 2-455 
Sewage lagoon 2-506 
Sewer (waste conduit) 2-500; 
illus. 2-500 
Sex cell (biol.) 3-459; 5-316 
Sex determination 5-335; i//us. 
5-337 
Sex-linked inheritance 5-341 
Sex organ (anat.) 
female 5-317; illus, 5-317 
male 5-317; illus. 5-317 
Sexual dimorphism (zool.) 
butterflies and moths 
4-289 
Sexual reproduction (biol.) 
3-459 
algae 4-35 fol. 
bacteria 4-24 
coelenterates 4-201 fol. 
fungi 4-44, 47 
human reproduction 5-316 
fol. 
plants 4-5 
seed plants 4-61, 66 fol. 
sponges 4-199 


Seyfert galaxy (astron.) 1-178 
Shad (fish) 4-470 
Shaft mine 2-324, 328; illus. 
6-29 
Shaking table (metal.) 6-32; 
illus. 6-31 
Shale (rock) 2-18, 50 
cave formation, illus. 2-101 
fossils 2-51 
oil shale 2-311 
Shame (emotion) 5-306 
Shane, Charles D. (Amer. 
astron.) 1-218 
Shapley, Harlow (Amer. 
astron.) 1-212, 213 
galaxies 1—10, 217 
SHARK (fish) 4—316-26 
fossils 4-481, 482 
Shatalov, Vladimir A. (Sov. cos- 
monaut) 1-278 
Shearing strain (phys.) 3-27; 
illus. 3-28 
Shear modulus (phys.) 3—27 
Shearwater (bird) 4-425, 426 
Shear wave (seismol.) 2-30 
Sheep (zool.), illus. 4-182 
liver fluke of sheep 4-211; 
illus. 4-210 
Sheet-fed press (printing) 
6-235 
Sheet flood 2-415 fol. 
Shell (anat.) 5-177 
Shell (zool.) 
crustaceans 4-231 
foraminiferans 4-195 
fossils 4-476 
mollusks 4-219 fol. 
Shell, Atomic (phys.) 3-48, 53; 
2-358; illus. 3-48 
silicon atom 2-379; illus. 
3-50 
Shepard, Alan B., Jr. (Amer. 
astro.) 1-277, 278, 283 
Shield-tailed snake (zool.) 
4-352 
Shining Rock, N. C. 2-479 
Ship Rock Peak, N. Mex. 
2-417; illus. 2-3 
Ships and boats 
air-cushion vehicles 6-137 
collisions 3-189; illus. 
3-188 
displacement of water 
3-186 
hydrofoil 6-133 
Shipworm see Teredo 
Shockley, William B. (Amer. 
phys.), illus. 6-145 
Shock tube (aero.) 6-131; illus. 
6-132 
Shock wave 
aircraft, illus. 6-130 
Shonin, Georgi S. (Sov. cosmo- 
naut) 1-278 
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482 


Shooting star see Meteor 
Shore (geol.) 2-210 
Shore birds see Water and 
shore birds 
Shoreline (geol.) 2-210 
Short circuit (elec.) 2-392; 
3-235 
Short-day plants and animals 
3-443 
Short-eared owl (bird) 
4-390 
Short-term memory 5-311 
Shortwall mining 2-325 
Short-wave radio 6-180 
Shoulder blade see Scapula 
Shoulder girdle (anat.) 5-181 
Shovel-nosed skate (fish) 
4-325 
Shrew (zool.) 5-30; illus. 5-25, 
31,32 
Shrew mole (zool.) 5-29 
Shrike (bird) 4-430 
Shrimp (zool.) 4-234; illus. 
4-236 
bioluminescence 3-433, 
434; illus, 3-437 
Shrub (bot.) 4-64, 92 
Shumway, Dr. Norman (Amer. 
surg.) 5-466 
Shutter (phot.) 6-241 
Shutter speed (phot.) 6-245 
fol. 
Siamese cat (zool.), illus. 
5-107 
Side lighting (phot.) 6-249; 
illus. 6-251 
Side-necked turtle (zool.) 
4-360 
Sidereal day (time period) 
biological rhythms and 
clocks 3-443 
Sidereal month 1-108 
Sidereal time (astron.) 1-24 
Sidereal year 
earth 1-102 
Siderite see Iron meteorite 
Siderolite see Stony iron mete- 
orite 
Side-striped jackal (zool.) 
5-73 
Siedentopf, Henry (Ger. sci.) 
3-109 
Sierra Nevada range, Calif. 
2-13 
Sifaka (zool,) 5-134 
Sigma 7 (spacecraft) 1-277 
Sigmoid colon (anat.) 5-238 
Signal system 
railroad 6-91 
Signature (printing) 6-239 
Sikhote-Alin meteorite 1-163 
Sikorsky, Igor I. (Russ.-Amer. 
eng.) 6-106 
Silent zone see Zone of silence 
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Silica (Silicon dioxide) (chem.) 
1-310 
crystal structure 3-121; 
illus. 3-120 
fossils 4-476, 477 
horsetails 4-60 
ocean 2-227 
silicosis, cause of 2-472; 
5-475 
Silicate (chem.) 1-310; 2-40 
earth's interior 2-58 
Silicon (elem.) 3-43 
atomic structure, illus. 
3-50 
crystal structure 3-80 
earth's crust, percentage of 
3-3 
meteorites 1-165 
microprocessors 6-147 
photovoltaic power system 
2-349 
solar battery 2-379 fol. 
steelmaking 6-53 
transistors 6-143 
See also Silica 
Silicon dioxide see Silica 
Silicone (plastic) 6-280 
Silicosis (disease) 2-469; 
5-475 
Silk 
spider silk 4-239, 242 
Silk-screen printing 6-238 
Silkworm (entom.) 4-291 
Silkworm moth (insect) 
smell, sense of 4-455 
Sill (geol.) 2-12; illus, 2-11 
Silliman, Benjamin (Amer. sci.) 
2-307 
Silphidae (entom.) 4-280 
Silt (geol.) 2-15, 16; 4-14; illus. 
4-14 
water supply problem 
2-435 
Silting basin 2-436 
Silurian period (geol.) 2-281 
fossils 4-480 
Silver (elem.) 3-44 
crystal structure 3-121; 
illus. 3-120 
electroplating 3-147 
melting point 3-19 
Silver-backed jackal (zool.) 
illus. 5-72 
Silver fir (tree) 4-168 
Silver fox (zool.) 5-76 
Silver iodide (chem.) 
cloud seeding 2-125 
Silver maple (tree), illus. 4-175 
Silversword (bot.), illus. 2-494 
Similar solid (geom,) 1-383; 
illus. 1-383 
Similar triangle (geom.) 1-372 
Simon, Theodore (Fr. psych.) 
5-415 


Simoom (Simoon) (wind) 2-133 
Simple fracture (med.) 5-186 
Simple fruit (bot.) 4-112 
Simple harmonic motion 
(phys.) 3—1 
Simple leaf (bot.) 4 
4-163 
SIMPLE MACHINE (phys,) 
3-154--60 
Simple microscope 
6-301, 30: 
Simplon Pass (Al 
2-83 
Simpson, James (Eng. eng.) 
2-434 
Simulator, Aircraft, ‘//us 
6-113 
Sine (trig.) 1-387 illus. 
1-388 
Sine curve (trig 
1-390 
Single-lens reflex camera 
6-242, 247, 248; illus. 
6-241 
Sinkhole (geo!) 
caves, formé f 2-97, 
98 
Sinkin 2-415 
Sinoauricular node (anat.) 
5-212 
Sintering (meta!.) 6-34 
Sinus (anat.) 5-177, 178; illus. 
5-177 
Siphon 2-438; 3-191; illus. 
3-191 
Siphon recorder (instru.) 6-167 
Sipuncula (zoo!.) 4-188 
Siren (zool.) 4-331 
Sirenia (zool,) £ 
Sirius (star) 1-26 
magnitude 1- 
Sirocco (wind) 2-133 
Skate (fish) 4-323; illus. 4-322 
embryonic development, 
illus. 3-424 
Skeletal muscle (anat.) 5-188; 
illus. 5-189 
Skeleton (anat.) 5-175, 150, 
151, 161; illus. 5-163, 175 
baby and child 5-351 
human embryo, develop- 
ment in 5-322 
insect 4-251 
Skew line (geom.) 1-380 
Skidding (lumber indus.) 6-17 
Skimmer (bird) 4-416; illus. 
4-415 
SKIN (anat.) 5—169-174 
aging, effects of 5-357, 
allergies 5-444, 445 
body’s defense, role in 
5-254 
human embryo, develop- 
ment in 5-328 


63; illus. 


(instru.) 


ne mt, pass) 


90; illus. 


a COW 
186, 193 
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SKIN (cont.) 
lizard shedding, illus. 
4-340 
psychosomatic disorders 
5-419 
scleroderma 5-458 
sense and sensation 5-287, 
408 
shark 4-319 
Skin beetle (insect) 4-281 
Skin cancer 
treatment with laser 6-341 
Skink (zool.) 4-343; illus. 4-344 
Skin-testing (med.) 5-448, 449 
Skip car (blast furnace) 6-43 
Skipjack see Click beetle 
Skipper (butterfly) 4-292, 294; 


illus. 4-294 
Skobeltsyn, D. V. (Russ. phys.) 
1-224 
Skull (anat.) 5-176; illus. 5-177, 
178 
human evolution, illus. 
5-155 


mammal 3-467; 5-4 
X-ray photograph, illus. 
6-342 
Skunk (zool,) 5-89; illus. 5-89 
scent glands 3-479 
Sky (astron.) 1-17 
color 2-106; 3-304 
planetarium 1-54 
Skyhook, Operation, illus. 
1-223 
Skylab (space station) 1-279, 
284 fol., 292; illus. 1-281, 
286 
Slab (steel indus.) 6-51 
Stabbing mill 5-51 
Slack current (oceanog.) 2-246 
Slag (metal.) 6-36 fol. 
iron ore smelting 6-43 fol. 
Slag wool (insulator) 2-334 
Slash pine (tree) 4-166 
Slate (rock) 2-18, 51; illus. 2-18 
Slayton, Donald K. (Amer. 
astro.) 1-279 
SLEEP (physiol.) 5-396-403, 
395 
sleep research, illus, 3-449 
Sleepwalking 5-403 
Sleet (meteorol.) 2-166; illus. 
2-157 
Slide, Microscope 6-320; illus. 
6-318 fol., 323 
Slide, Photographic see Trans- 
parency 
Slide rule 1-463 
Slide valve 
steam engine 6-60 
Slime mold (bot.) 4-45; illus. 
4-45 
Sling psychrometer (instru.) 
2-118; illus. 2-116 


Slipher, Vesto M. (Amer. 
astron.) 1-10, 222 
Slipped disk (med.) 5-179 
Slope mine 2-324, 328 
Sloth bear (zool.) 5-83 
Sludge (waste) 2-504 fol., 446; 
illus. 2-504 
Slug (printing) 6-230 
Slug (zool.) 4—224; illus. 4-224 
Slug-eating snake (zool.) 
4-354 
Sluice gate 2-436 
Slush molding (plastics indus.) 
6-283 
Small circle (geom.) 1-384 
Small Magellanic Cloud 1-221 
Smallpox vaccination, illus. 
5-256 
Smeaton, John (Eng. sci.) 6-12 
SMELL (physiol.) 5-285-86, 
287 
snakes 4-347 
Smelting (metal.) 6-34 fol.; 
2-49 
iron ore 6-42 
sulfur by-product 6-267 
Smilodon (paleon.) 4—489 
Smith, Willoughby (Eng. sci.) 
6-158 
Smithsonian Institution, Wash., 
D.C. 
weather reporting 2-121 


Smog (air pollution) 2-450, 461, 


462, 468, 471 
Smoke 3-117 
air pollution 2-468 
molecular motion 3-12 
Smoke detector, i//us. 6-161 
Smokey quartz (min.), illus. 
2-47 
SMOKING AND HEALTH 
5-438-43, 434 
lung cancer 5-474 
Smooth muscle (anat.) 5-188; 
illus. 5-188 
Smut (bot.) 4-49; illus. 4-49 
Snail (z00!.) 4-223; illus. 4-224 
bioluminescence 3-433 
migration 4-473 
SNAKE (zool.) 4-346-57, 337 
adaptations 3-477, 480 
behavior 4-456, 457 
boa, illus. 2-495 
fossils 4-486 
migration 4-473 
Snake-necked turtle (zool.) 
4-360 
SNAP generator 1-264; 3-329 
Snapper (turtle) 4-360; illus. 
4-359 
Snapping beetle see Click bee- 
tle 
Snellen chart (ophthal.) 5-280 
Snoring (physiol.) 5-400 


Snout beetle (insect) 4-286 
SNOW (meteorol.) 2-156-67 
glacial formation 2-190 
ice ages 2-290, 291 
measurement with radio- 
isotopes 3-327 
sound absorption 3-265 
Snow goose (bird) 4-421 
Snow leopard (zool.) 2-490; 
5-103; illus, 2-484; 
5-103 
Snowshoe rabbit (z00l.) 5-34; 
illus. 5-33 
Snowy owl (bird) 4-389; illus. 
4-390 
Snowy River Project, Austr. 
2-407 
Snyder, Hartland S. (Amer. 
phys.) 
black holes 1-241 
strong focusing 6-364 
Soap 
colloidal phenomena 
3-116 
Soap bubble 
colors 3-300 fol. 
Social bee (entom.) 4-272 
Social insect (entom.) 4-256 
Social organization 
birds 4-374 
primates 5-143 
Social psychology 5-413, 416 
Social readjustment rating 
scale 5-418 
Social wasp (insect) 4-274 
Soda straw (cave formation) 
2-99 
Sodium (elem.) 3—44 
atom 3-54; illus. 3-54, 144 
bright-line spectrum of 
sodium vapor 3-298 
earth's crust, percentage of 
electrochemical reactions 
3-143 fol. 
ionization energy 3-82 
macromineral 5-383 
meteorites 1-165 
nuclear reactors 2-365 
Sodium chloride (chem.) 
1-337; 2-17; 3-98, 26, 
84, 95, 120, 122; illus. 
3-18, 26, 83, 119, 120, 
122,145 
body's loss during exercise 
5-395 
electrochemical reactions 
3-144, 145 
ocean 2-226 
protoplasm 3-385 
solution 3-100; illus. 3-100 
zeolite renewed by 2-446 
Sodium fluoride (chem.) 3-56; 
illus, 3-54 
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Sodium hydroxide (chem.) 
3-95, 98, 147, 148 
Sodium nitrate (chem.) 2-17 
Sodium pump (physiol.) 5-263 
Sodium sulfide (chem.) 3-57; 
illus. 3-55 
Sodium thiosulfate (chem.) 
supersaturated solution 
3-105 
Soft coal see Bituminous coal 
Soft palate (anat.) 5-177 
Soft scale (insect) 4-158 
Soft-shelled turtle (zool.) 
4-359 
Software (computer) 1-470, 
478 
Softwood (lumber) 6-14 
Soft X ray 6-345 
SOIL (geol.) 4-11-21; 1-100 
atolls 2-222 
bacteria 4-27 
conservation 2-405, 410 
houseplants 4-160 
loess 2-431 
lunar soil 1-282 
Mars 1-121 
plant nutrients 4-73 
volcanic ash 2-432 
Soil erosion 
dust storms 2-430 
strip mining 2-464 
Soilless agriculture 2-406 
Sol (chem.) 3-108 
Solar atmosphere 1-66 
SOLAR BATTERY 2-379-82; 
6-162 
Solar cell 
space stations 1-292 
space vehicles 1-264; 
6-162 
Solar collector 1-78; 2-352; 
illus, 3-196, 198 
Solar constant (phys.) 1-76 
Solar cycle (astron.) 1-69 
Solar day 
biological clocks and 
rhythms 3-438, 440, 442 
Solar disk see Photosphere 
SOLAR ENERGY 2-346-53, 
113; 1-70, 75, 76, 77; 
illus. 2-297, 346 
electricity, generation of 
2-386 
nuclear fusion 2-372 
solar battery 2-379 
Solar engine 1-78 
Solar evaporator 2-447 
Solar flare (astron.) 1-63, 67, 
74 


jet streams 2-111 
Solar furnace, illus. 2-346 
Solar-heating system 3-215 
Solar observatory 1-49, 51 
Solar panel 2-352; illus. 2-352 
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Solar polar cap (astron.) 1-70 
Solar power see Solar energy 
Solar radiation 1-74, 62, 63, 78; 
2-110, 352 
wind 2-126 
Solar reflector 2-347 
SOLAR SYSTEM (astron.) 
1-82-89, 17 
Milky Way 1-213 
See also Asteroid; Comet; 
Meteor; Planet; Satellite; 
Sun 
Solar telescope 1—49, 53, 71; 
illus, 1-40 
Solar tides 2-3 
Solar wind 1-74; 3-247; illus. 
1-77; 2-59 
Jupiter 1-124 
Solar year (time period) 1-171 
Soldier ant (insect) 4-266; illus. 
4-268 
Soldier termite (insect) 4-276 
Solenodon (zool.) 5-31; illus. 
5-32 
Solenoid (elec.) 3-239 
SOLID (phys.) 3-10-20, 25, 26 
entropy 3-218; illus. 3-218 
expansion due to heating 
3-203 
Solid analytic geometry 
(math.) 1-399 
Solid-fuel rocket 1-250, 251; 
illus. 1-249 
SOLID GEOMETRY (math.) 
1-380-85, 332 
Solid-state electronic device 
6-143 
Solid-state laser 6-338 
Solid-state physics 
integrated circuits 6-151 
transistors 6-143 
Solid waste 2-463, 497, 498: 
illus. 2-502 
energy systems’ generation 
of wastes 2-301 
Solitary sandpiper (bird) 4-417 
Solubility (chem.) 3-102 
Solute (chem.) 3-99 
SOLUTION (chem.) 3-99--106, 
5 


Solvent (chem.) 3-99 
water 3-88, 91 
Sommerfeld, Arnold (Ger. 
phys.) 3-47 
Somnambulism see Sleep- 
walking 
Somniloquism 5-403 
Sonar 6-288; 3-263 
portable apparatus for the 
blind 3-454 
Sonic barrier (aero.) 6-128 
Sonic boom (aero.) 6-127 
Sonic sounding see Echo 
sounding 


Sonic speed (aero) 6-126 
Soot 
air pollution 2-468 
Sooty shearwater ùird) 
4-426 
Sorus (bot.) 4-58 s. 4-58 
Sosigenes (Gr. astron ) 
Julian calen: 1-171 
SOUND 3-256-70 5-284 
musical souno 71 
speed of 3- 
phonograpt 
recording ê 
tape record: settes, 
and cartrid 219 
ultrasonics 6 
Sounding (oceanoa.) 2-260 
See also Echo sounding 
Sound meter see Noise meter 
Sound recording 
stereo and que 
systems 6-; 
tape recorder issettes, 
and cartr 6-219 
Sound track, Motion picture 
photoemiss fect, illus. 
6-159 
phototube 6 
Sound wave (phys 
Doppler eff 1-14 
Source trait (psy 5-414 
South America 
sea depth sur 
illus, 2-22 
South Atlantic O 
currents 2- 
South celestial pole (astron.) 
1-20, 22 
South Crillon Glacier, Alas. 
2-194 fol 
Southeasterly (wind) 2-131 
Southeast trade wind 2-131 
South Equatoria! Current 
(ocean current) 2-257, 
258 
Southern corn leaf blight (plant 
disease) 
damage, illus. 4-49 
Southern Cross (constellation) 
see Crux 
Southern Hemisphere 
ocean currents 2-256 
seasons 1-102, 103 
wind 2-131, 135 
Southern lights see Aurora aus- 
tralis 
South Pacific Ocean 
coral reefs 2-221, 222 
currents 2—257 
South Pole (geog.) 1-22 
Soybean (bot.), illus. 4-115; 
5-387 
Soyuz (spacecraft) 1-278, 279, 
276, 284 


is and 


iphonic 


nding, 


pace 
relativity theory 3-352 fol. 
pacecraft 
guidance 1—254 fol. 
satellites, artificial 1-261 
space probes 1-261 
space stations 1-285 
Space exploration 
communications satellites 
1-269 
computer applications 
1-474 
exobiological exploration 
1-323 
guidance of missiles and 
space vehicles 1-254 
manned space flights 1-273 
Mariner 10's flyby of Mer- 
cury 1-92 
Mars 1-119 
moon 1-114, 295 
nuclear energy 2-371 
Orbiting Solar Observatory 
1-71 
radar 6-199 
rockets 1-246 
satellites, artificial 1-261 
solar battery 2-382 
space probes 1-261 
space stations 1-285 
Spacelab (space station), illus. 
1-290, 291 
Space laboratory 1-286 
SPACE PROBE 1-261-68; 
illus. 1-12 
Space shuttle (spacecraft) 
1-284, 290, 291; illus. 
1-288, 289, 293 
X-ray astronomy 1-178 
SPACE STATION (artifical sat- 
ellite) 1-285, 284 
Space telescope 1-265 
Space-time concept (phys.) 
3-353; 1-241, 242 
Space tug (spacecraft) 1-293 
Space vehicle see Spacecraft 
Space walk 1~280 
Spadefoot toad (zool.) 4-333; 
illus. 4-336 
Spandex (synthetic fiber) 6-272 
Spark plug (auto. engine) 6-64, 
79; illus. 6-64, 79 
Sparrow (bird) 4-443; illus. 
4-441 
Sparrow hawk (bird), illus. 
4-387 
Species (biol.) 3-514, 515 
development of new spe- 
cies 3-468 
Specific gravity (phys.) 3-184 
earth's interior 2-56 
ocean water 2-230 
Specific heat (phys.) 3-202 
water 3-89 


Spectacled bear (zool.) 5-83 
Spectacled cobra see Indian 
cobra 
Spectral distribution curve 
(phys.) 3-332; illus. 
3-333 
Spectral lines (phys.) 
stars 3-359 
Spectrogram 1-49 
galaxies 1-219 
Spectrograph (instru.) 1-48, 49, 
72, 184; 3-298 
Spectrophotometer (instru.) 
blood analysis 5-200 
Spectroscope (instru.) 3-297, 
305, 308; 1-10, 73, 200 
Spectroscopic binary (star) 
1-194 
Spectroscopy 3-335 
Spectroscopy, X-ray 6-347 
Spectrum (phys.) 3-298, 335, 
336; illus. 3-299 
calcium vapor, illus. 3-335 
discovery by Newton 
3-248 
electromagnetic spectrum 
3-252; illus. 3-249 
galaxies 1-200, 219 
neon gas, illus. 3-335 
quasars 1-236, 237 
sun 1-72, 73 
white light, illus. 3-334 
Speculum (nickel compound) 
1-39 
Speed (drug.) see Ampheta- 
mine 
Speed (phys.) 3-175 
Speed meter, Radar 6-198; 
illus. 6-198, 199 
Speed of light 1-14; 3-262, 281 
Speed of sound 3-261 
Speiss (metal.) 6-36 
Speleology (sci.) see Cave 
Speleothem (cave formation) 
2-99 
Spelter (metal.) 6-37 
Spelunker (cave expl.) 2-101 
Sperm (Spermatozoon) (biol.) 
3-417 fol., 459; 5-316, 
318; illus. 3-419 
cloning 3-511 
formation, chart 3-418 
meiosis, illus. 3-460 
Spermatogonium (anat.) 3-512 
Spermatophore (zool.) 4-334 
Spermatozoon see Sperm 
Sperm whale (zool.) 5-53, 58 
Sphagnum see Peat moss 
Sphenoid bone (anat.) 5-176 
Sphere (geom.) 1-383 
non-Euclidean geometry 
1-401 
solid analytic geometry 
1-399 


Sphere fungus (bot.) 4-48 

Spherical aberration (optics) 
3-288; 6-302; illus. 
3-289 

Spherical mirror (optics) 
3-288; illus. 3-289, 290 

Spherule (glasslike substance) 
1-309 

Sphincter muscle (anat.) 5-193 

Sphinx moth (insect) 4-294 

Sphygmomanometer (instru.) 
5-214 

Spica (star) 1-33 

Spicule (astron.) 1-67 

Spicule (zool.) 4-199, 200, 203; 
illus. 4-199 

SPIDER (zool.) 4—239-50 

courtship 4—455, 457 

Spider crab (zool.) 4-236; illus. 
4-234 

Spider monkey (zool.) 5-136 

Spider web 4-243, 246, 247; 
illus, 4-242 

Spillway of a dam 2-435 

Spin (phys.) 3-51, 312, 313, 321, 
323 

Spinal column see Backbone 

Spinal cord (anat.) 5-178, 179, 
261, 270; illus. 5-270, 
272, 273 

Spinal nerve (anat.) 5-272 

Spindle (biol.) 3-395; illus. 
3-392 

Spine (anat.) see Backbone 

Spine (bot.) 

cactus 4-151 

Spinneret (indus.) 6-283 

Spin quantum number (phys.) 
3-341 

Spiny anteater see Anteater, 
Spiny 

Spiny-headed worm (zool.), 
illus. 4-213 

Spiral galaxy 1-210, 204, 218, 
219, 221; illus. 1-8, 205, 
215, 220 

Spiral-horned antelope (zool.) 
5-127 

Spirrillum (bact. form) 4-22; 
illus, 4-23 

Spirit of St. Louis (airplane), 
illus. 6-106 

Spirogyra (bot.) 4-38; illus. 
6-322 

Spirometer (instru.) 5-226 

Spirostomum (biol.) 4-197 

Spitteler, Adolph (Ger. chem.) 
6-275 

Spitz, Armand (Amer. astron.) 
1-55 

Spitzer, Lyman (Amer. phys.) 
3-364 

Spleen (anat.) transplants 5-468 

Spodosol (soil.) 4-18 
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SPONGE (Porifera) (z00!.) 
4-198-200, 184; illus. 
2-267; 4-183 

fossils 4-479 

Spongin (zool.) 4-199, 200 

Spongy layer of a leaf 4-100 

Spontaneous combustion 3-65 

Spontaneous emission 6-336 

Spoonbill (bird) 4-425 

Sporangium (bot.), illus. 4-45, 
47 


fern 4-58 
fungi 4-46 
horsetails 4-60 
Spore (biol.) 4-5 
bacteria 4-23; illus. 4-25 
fern 4-58, 59 
fungi 4-43, 48, 50, 51 
moss 4-54, 55 
protozoan 4-195 
Sporophore (bot,) 4-50 
Sporophyte (bot.), illus. 4-9 
fern 4-58 
moss 4-55 
Sporozoa (zool.) 4-195 
Spotted blenny (fish), I/us. 
4-457 
Spotted newt (zool.) 4-331, 
335; illus. 4-331 
Spotted sandpiper (bird) 
4-417; illus, 4-415 
Spotted whip ray (fish) 4-326 
Sprain (med.) 5-197 
Spring geok 2-97, 172, 173, 
41 


sanitation 2-179 
Spring (season) 
constellations 1-32; map 
1-28 
jet stream 2-110, 111 
Springbok (zool.) 5-131 
Spring peeper (zool.) 4-330 
Spring tide 1-110; 2-242; illus. 
2-246 
Spruce (tree) 4-166; illus. 
4-166 
fruit, illus. 4-165 
Sprue (disease) 
folic acid 5-373 
Sputnik (spacecraft) 1-261, 262 
Squamata see Lizard; Snake 
Square (geom.) 1-374 
Square measure (area) 
metric system 6-392 
United States 6-392 
Square root (math.) 1-348, 350 
logarithms 1-360 
Squaring the circle (math.) 
1-367 
Squash beetle (insect) 4-281 
Squid (zoo!.) 3-480; 4-217; 
illus. 4-218 
bioluminescence 3-433, 
434, 437 
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Squirrel (zool,) 5~38; illus. 
5-36 
Squirting cucumber (bot.) 
4-120; illus. 4-124 
SST see Supersonic transport 
Stability, Chemical 
water 3-90 
Stabilizer (plastics indus.) 
Stable equilibrium (phys.) 
3-170; illus. 3-170 
Stafford, Thomas P. (Amer. 
astro.) 1-277 fol. 


Stag beetle (insect) 4-283 
Staghorn coral (zool.), illus. 
4-200 


Stainless steel (alloy) 6-56 
nuclear reactor 2-362 
Stairway of the tympanum 
(anat.) 5-283 
Stairway of the vestibule 
(anat.) 5-283 
Stalactite (cave formation) 
2-99; illus. 2-96 
Stalagmite (cave formation) 
2-99; illus. 2-96 
Stamen (bot.) 4-104, 105 
Stamp battery (metal.) 6-33 
Standard deviation (statistics) 
1-412; 3-414 
psychological research, 
use in 5-407 
Standing wave 3-339; illus. 
3-337 
Stanley Steamer (auto.), illus. 
Stannous ion (chem.) 3-147 
STAR (astron,) 1-179-92, 8, 17, 
21; maps 1-27 fol. 
black holes 1-240 
constellations 1-25 
cosmic rays, origin of 
1-229 
galaxies 1-215 
interstellar space 1-200 
Milky Way 1-206 fol. 
nuclear fusion 3-362 
pulsars 1-232 
quasars 1-236 
radio stars 1-62 
sidereal time 1-24 
sun 1-65 
variable star 1-193 
X-ray astronomy 1-176 
Star aoe 1-181, 209, 210, 
1 
Starch (biol.) 
cells 3-385, 391 
food source 5-379 
older persons’ diet 5-362 
Star cluster (astron.) 1-9, 188, 
211; illus. 1-211 
STARFISH (zool.) 4~204—06 
fossils 4-481, 485 


Starling (bird) 4-443: illus. 
4-372, 449 
Star map 1-50 
Star streaming (ast 
Star tracker (guidar 
element) 1 
Starvation (physio!) 5-239 
Starzl, Or. Thomas D. (Amer 
surg.) 5-467 
State, Change of (; 
Static electricity 3-220, 222 
Von Guericke's machine 
for produci 3-226 
Static stability (a 6-129 
Stationary front (meteorol.) 
2-135 
Stationary phase (chem.) 
3-125 
Statistical inference (math.) 
1~413 fol 
STATISTICS (math.) 1404-13, 
333; 3-414, 5-406 
algebra 1—365 
Statsionar (communications 
satellite) 1 272 
Staurolite (min.) 2 
Steady-state theory 
1-15, 13 
radio astronomy 1-64 
Steam 
geothermal en 
mechanical er 
6-12 
volcanoes 2-66, 70 
Steam engine 
boiler 6-58 
early models 6-57 
reciprocating steam engine 
6-60 
Watt's steam engine 6-58 
See also Steam turbine; 
Steam vehicle 
Steam locomotive see Loco- 
motive, Steam 
Steam station (elec. generating 
plant) 2-386; ///us. 2-387 
Steam turbine 6-62; 2-386; 
illus. 2-387; 6-61, 62 
early versions 6-57 
Steam vehicle 
automobile 6-71 
See also Locomotive, 
Steam 
STEEL (alloy) 6-41-56, 40 
air pollution from mills, 
illus. 2-467 
building material 6-24 
coal, uses of 2-332 
electroplating 3-147 
ingot, illus. 6-37 
mill, illus. 6-36 
pickling 6-267 
water in manufacture of 
2-433 


1-184 
system 


y5.) 3-205 


astron.) 


srgy 2-354 
veering 


Steel pipe 
water transported by 
2-438, 447 
Steering assembly (auto.) 
6-85; illus. 6-84 
Steering motor 
Brunel's steering motor 
6-367 
Stegocephalian (paleon.) 
4-482 fol, 
Stegosaurus (paleon,) 4-485 
Steinbok (z00!.) 5-131 
Steinmetz, Charles Proteus 
(Ger.-Amer. eng.) 2-142 
Steinmetz generator (elec.) 
2-142 
Stele (bot.) 4-94 
Stellarator (phys,) 3-364; illus. 
3-364 
Steller's sea cow (zool,) 5-68 
STEM (bot.) 4-92-98, 61, 68, 69 
Stephenson, George (Eng. 
inv.) 6-13 
Steppe (geo!.) 2-87 fol 
Steppe giraffe (z00l.) 5-124 
Step principle (rocketry) 1-252; 
illus. 1-253 
STEREO SOUND SYSTEM 
6-213-18 
Stereotype (printing) 6-234 
Sterilization, Reproductive 
screwworm fly 3-328 
Sternum (anat.) 5-180; illus. 
5-181 
Steroid (biochem.) 3-385 
allergies 5-450 
Stethoscope (instru.) 5-214 
Stevens, John (Amer. eng.) 
6-87 
Stevenson, E. C. (Amer. phys.) 
1-227 
Stick-and-slip vibration (acous- 
tics) 3-260 
Stickleback (fish) 
courtship 4-457 
nest 4-458 
Stigma (bot.) 4-105 
Stilt (bird) 4-418 
Stimulant (drug) 5-304, 432, 
435 


Stimulated emission (electron.) 
6-336 
Stimulus-recognition memory 
(psych.) 5-311 
Sting, Insect 
bee 4-271 
Stinging nettle (bot.) 3-481 
Stingray (fish) 4-326 
Stinkbug (insect) 4-262 
Stink gland (entom.) 4-257 
Stinkhorn (bot.) 4—51; illus. 
4-50 
Stirrup (anat.) 3-265, 266, 283 
Stock (geol.) 2-13 


Stokes, George (Eng. phys.) 
3-249 
STOL aircraft 6-109 
Stoleto, Aleksandr (Russ. 
phys.) 6-159 
Stomach (anat.) 5-231; /i/us, 
5-230 
cancer 5-243 
PH of stomach juices 3-97 
psychosomatic disorders 
5-419 
Stomach worm (zool.) 4-215 
Stomadaeum (embryol.) 
Stomata (bot.) 3-390; 4-3, 73, 
100 
cactus 4-152 
Stone 
building material 6-21 
Stone fly (insect) 4-261 
Stonehenge, archaeo. site, 
Eng., illus. 1-50 
radiocarbon dating 6-355 
Stone meteorite 1-165 
Stony coral (z00l.) 4-203; illus. 
2-221, 267; 4-200 
Stony iron meteorite 1-165 
Storage battery see Battery, 
Storage 
Storage tank 
water 2-449 
Storage unit (computer) see 
Memory unit 
Stork (bird) 4-465 
Storm (meteorol,) 
ocean waves 2-236 
Storm-petrel (bird) 4-425, 426 
Storm windows 3-211 
Stourbridge Lion (locomotive) 
6-87 
Stove, Gas 2-343 
STP (drug) 5-433 
Straight angle (geom.) 1-370 
Straight Wall (moon feature) 
1-113 
Strain (phys.) 3-26 
Strangeness (phys.) 3-318, 
321; table 3-323 
Strange quark (phys.) 3-321 
Strassmann, Fritz (Ger. phys.) 
2-360 
Stratigraphic column see Geo- 
logic column 
Stratigraphy (sci) 1-313; 2-9, 
282 


Strato-cumulus cloud 2-155; 
illus. 2-153 

Stratosphere (atmospheric 
layer) 1~99, 110; illus. 
2-108 

Stratus cloud 2-118, 155; i//us. 
2-152 

Streak (min.) 2-44 

Stream see River 


Street, J. C. (Amer. phys.) 
1-227 


Streptococcus (bact,), ///us. 
4-23, 24, 31 

Streptomyces rimosis (bot.) 
illus. 5-480 

Streptomycin (antibiotic) 
5-481 

Stress (biol. psych.) 5-418 

response of body to stress 

ituation, illus. 5-419 

Stress (phys.) 3-26 

Stressed-skin construction 
6-26 

Stringed instruments 3-276 

Stringfellow, John (Eng. inv.) 
6-104 

Striped hyena (zool.), illus. 
2-402 


Striped muscle see Skeletal 
muscle 
Strip mining 2-301, 324; illus. 
2-324; 6-29 
coal, illus. 2-320, 406 
copper ore, illus. 6-35 
environmental effects 
2-298, 464 
iron ore 6-42 
Stroma (anat.) 5-199 
Stromatolite (paleon.) 4-479 
Stromboli, volc., It. 2-64 
Strong force (phys.) 3-312, 319, 
924 


Strontium (elem.) 3-44 
radioisotope tracers 3-327 
Structural formula (chem) 
3-52 
Structural geology 2-9 
Structural steel 6-52 
Struthiomimus (paleon.) 4-486 
Strychnine tree (bot.) 4-175 
Stucco 
building material 6-23; 
illus, 6-22 
Style (bot.) 4-105 
Stylonychia (biol.) 4-197 
Styrene (chem.) 2-318 
Subatomic particle see Parti- 
cle, Elementary 
Subbituminous coal 2-322, 
332, 335 
Subduction (geol.), illus. 2-21 
Subdwarf star 1-219 
Subgiant star 1-219 
Sublimation (chem.) 3-19, 118, 
207 


Submarine 3-186; illus. 2-7 
bionic approach to design 
3-450 
nuclear energy 2-369 
ocean waves 2-234 
sonar 6-289 
Submarine cable 6-167, 170, 
172; 2-225 
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Submarine canyon (oceanog.) 
2-263 
Submarine mountain see 
Mountain, Submarine 
Submarine volcano see Vol- 
cano, Submarine 
Submersible craft 2-278; illus. 
2-276 
Submucous coat (anat.) 5-232 
Sub-oscine (zool.) 4-428 
Subphylum (biol.) 3-517 
Subsidiary (azimuthal) quan- 
tum number 3-341 
Subsonic speed 6-126 
Subsurface water see Ground 
water 
Subtraction (math.) 1-347 
binary numerals 1-449 
Subtractive color combination 
3-307 
Subtropical highpressure belt 
(meteorol.) 2-114 
Subtropics (geog.) 
wind 2-136 
Subvirus (biol.) 3-378 
Subway 6-93; i//us. 6-96 
Succession (bot.) 4-139 
Succulent (bot.) 4-142 
Sucrose (sugar) 3-380 
plant cells 3-385 
water solution 3-100 fol.; 
illus. 3-100, 101 
Suctorian (biol.) 4-197 
Sugar 5-378, 380 
cells 3-385, 427 
older person's diet 5-362 
solution 3-121 
water solution 3-100 fol.; 
illus. 3-100, 101 
See also Glucose 
Sugar-beet nematode (zool.) 
4-215 
Sugar maple (tree) 4-174; illus. 
4-69 
Sugar pine (tree) 4-166 
Sulci (anat.) 5-266 
Sulfate (chem.) 
minerals 2-39 
Sulfide (chem.) 
metallurgy 6-31, 32 
minerals 2-39, 49 
Sulfur (butterfly) 4-292 
Sulfur (elem.) 3—44, 80 
air pollution 2-470 
atom, illus. 3-55 
atomic weight 3-50 
chemical industry 6-266 
color 3-79 
enzymes 3-386 
Frasch process, illus. 6-266 
macromineral in human 
body 5-383 
meteorites 1-165 
ocean 2-227 


INDEX 


Sulfur (cont.) 
radioisotope tracers 
3-328 
soil 4-20 
Sulfur dioxide (chem.) 2-471; 
6-267 
Sulfuric acid (chem.) 3-93, 98; 
6-267 
catalysis 3-71 
contact process 3-72; 
6-267; illus. 3-72 
salts formed from 3-96 
secondary battery 3-151 
Sulfur oxide (chem.) 
air pollution 2-298 
Sulfur-purple bacteria (bot.) 
4-140 
Sulphur-bottom whale see Blue 
whale 
Sumac (tree) 4-174 
fruit, illus. 4-125 
Summer (season) 1-102, 103 
constellations 1-33; map 
1-29 
jet stream 2-110, 111, 132 
Summer monsoon (wind) 
2-128 
Summer solstice 1-24 
SUN (astron.) 1-65-78, 17, 22, 
23, 82, 179; illus. 1-144, 
145, 148 
air, circulation of 2-126 
calendar 1-168 
eclipse 1-145, 109, 142 fol. 
147, 148, 180 
heat 3-196 
ice ages 2-291 
magnitude 1-182, 183, 218 
nuclear fusion 2-372 
radiation 1-62, 63 
solar battery 2-379 
solar power 2-346 
Space probes 1-265 
sunspot 3-247 
tides 2-242 fol. 
time, measurement of 1-24 
weather 2-113 
See also index entries 
beginning with Solar 
Sunbird (zoo!.) 4-438 
Sunday (day of week) 1-171 
Sundial 1-24 
Sundog 3-297; illus. 3-298 
Sunflower (bot.), illus. 4-108 
stem, illus. 4-98 
Suni (zool.) 5-131 
Sunlight 
scattering of 2-106 
spectrum 3-298; illus. 
3-334 
vitamin D 5-376 
Sun seeker (guidance-system 
element) 1-260 
Sunset 3-114 


Sunspot (astron.) 1-68, 67, 180 
cosmic rays 1-225 
Sunspot cycle see Solar cycle 


Sunspot maximum (astron.) 
1-70 
Sun starfish (zoo!.), illus. 4-204 


Supercluster of galaxies 1-221 
Superconducting generator, 


illus. 6-328 
Superconductive transition 
temperature 3-369 


SUPERCONDUCTIVITY (phys,) 
3-367-71, 78; 6-330 


Supercooled water 2-138 
Superfetation (zool.) 5-34 
Superfluidity (phys ) 6-329 
Super giant star 1- 186 
Supergranulation (solar phe- 
nomenon) 1-87 


Superheated steam 6-59 
Superheterodyne principle 
(radio) 6-184 
Superior conjunction (astron.) 
1-94 
Superior vena cava (anat.) 
5-208 
Supernova (astron.) 1-177, 
195, 64, 190, 192; illus. 
1-191 
cosmic rays, origin of 
1-229 
origin 1-232 
pulsars 1-233 
quasars 1-238 
Supersaturated solution 3-105 
Supersonic boom (aero.) 6-127 
SUPERSONIC FLIGHT (aero.) 
6-126-32 
Supersonic speed 6-127 
Supersonic transport (SST) 
6-125, 132; lus. 3-257; 
6-126 
Superstition Wilderness, Ariz. 
2-479 
Supertanker (ship) 2-315; illus. 
2-307 
Suppinator muscle (anat.) 
5-191 
Surface effect ship (air-cush- 
ion vehicle), illus. 6-137 
Surface tension (phys.) 3-15, 
22, 24 
Surface washing (cleaning 
sand filters) 2-444 
Surface water 
purification 2-439 
Surf zone (ocean-wave area) 
2-238 
Surgery 
cryogenic applications 
6-331 
fiber optics instruments 
6-295 
lasers, use of 6-340 


Surgery (cont.) 
organ transplants 5-460 
ultrasonic surgery 6-291 
Surinam toad (zool,) 3-482; 
4-334 
Surtsey, volc. isl., Ice. 2-70; 
illus. 2-218 
Surveying 
plane geometry 1-366 
trigonometry 1-389 
Surveyor (spacecraft) 1-115, 
281, 298; illus. 1-263 
Survival of the fittest (biol.) 
3-464 
Survival Service (conservation 
agency) 2-493 
Suture (anat.) 5-176 
Swains Island, American 
Samoa 2-222 
Swallow (bird) 4-430 
Swallowing (physiol.) 5-220 
Swallowtail (butterfly) 4-290, 
292; illus. 4-288, 293 
Swamp, illus. 4-139 
Swan (bird) 4-420; illus. 4-420 
Swarming of bees 4-273 
Swash mark (beach) 2-208 
Sweat gland (anat.) 5-171; 
illus. §-172, 391 
Sweet gum (tree) 4-171; illus. 
4-171 
fruit, illus. 4-165 
leaf, illus. 4-163 
Swept-back wing (aero.) 6-129; 
illus. 6-128 
Swift (bird) 4-407; illus. 4-407 
Swigert, John L., Jr. (Amer. 
astro.) 1-278 
Swim bladder (ichth.) 4-307, 
312 
Swine flu (disease) 5-452 
Switchboard, Telephone 6-169 
Switching system 
telephone 6-169 fol. 
Swordfish 
mercury contamination 
2-458 
Sycamore (tree) 4-164, 171 
Sycamore maple (tree) 4-175 
Sydney, Austr. 
air pollution 2-461 
Symbiosis (biol.) 
bacteria 4-28 
bacteria and fish 3-433 
fungi 4-45 
hermit crab and sponge 
4-200 
lichens 4-53 
Symbol, Algebraic 1-352, 353 
Symbol, Chemical see Chemi- 
cal symbols 
Symbol, Mathematical 6-389 
Symbolic behavior 
primates 5-145 


Symmetry (phys.) 3-344 
Sympathetic nervous system 
(anat.) 5-273, 419 
Sympathetic resonance 5-284 

Synapse (anat.) 5-261, 314 
Synaptic cleft (anat.) 5-265 
Synaptic vesicle (anat.) 5-265 
Synchrocyclotron (phys.) 
6-361; illus. 6-362 
Synchronous Meteorological 
Satellite 2-121; i//us. 
1-264 
Synchronous orbit (spacecraft) 
1-270, 271 
Synchrotron (particle accelera- 
tor) 1-229; 6-363, 364 
Synchrotron radiation (phys.) 
1-229 
Syncline (geol.) 2-78, 83; illus. 
2-79 
seashores 2-212 
Syncom (communications sat- 
ellite) 1-270, 272 
Synergy (med.) 5-435 
Synodic month 1-108 
Synovium (anat.) 5-458 
Synpatic knob 
sea snail, illus. 5-261 
Synthesis gas 6-264 
Synthetic fiber see Fiber, Syn- 
thetic 
Synthetic fuels 2-332, 375 
Synthetic rubber see Rubber, 
Synthetic 
Syphilis (disease) 5-273 
Systemic circulation system 
(anat.) 5-207 
Systemic lupus erythematosus 
(med.) 5-458, 459 
Systems analysis and design 
(data processing) 1-461 
Systole (physiol.) 5-208 
Systolic pressure (physiol.) 
4 
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T4 (virus) 3-399 

Tablecloth (cloud over Table 
Mountain) 2-149 

Tableland see Plateau 

Table Mountain, S.Afr. 

cloud 2-149 

Table of values (math.) 1-355 

Tachyon (phys.) 3-319 

Tackle (mach.) 3-159 

Taconic Disturbance (geol.) 
4-480 

Taconite (min.) 6-42 

Tadpole (z00l.) 4-332, 334; 
illus. 4-333 

Tago-Sato-Kosaka (comet), 
illus. 1-82 


Tahiti 
coral atoll, illus. 2-220 
tides 2-245 
Tail (anat.) 
monkey 5-135 fol. 
Tail assembly (aero.) 6-116; 
illus. 6-115 
Tail of a comet 1-149, 150 
Takeuchi, H. (Jap. sci.) 2-57 
Tale (min.) 
hardness 2-48 
Talking machine 6-213 
Talus (anat.) 5-185; illus. 
5-184, 185 
Tamarack (American larch) 
(tree) 4-168 
Tamarin (zool.) 5-136 
Tambora, volc., Indon. 2-69 
Tanager (bird) 4-439; illus. 
4-438 
Tangent (trig.) 1-387 fol,; illus. 
1-388 
Tank car (railroad) 6-90 
Tanker (ship), illus. 6-56 
natural gas, transportation 
of, illus. 2-338 
petroleum 2-315 
Tank farm (oil storage) 2-315 
Tannin (chem.) 4-67 
Tantalum (elem.) 3-44 
Tantalum disulfide (chem.) 
superconductor, illus. 
6-331 
Tape gauge (instru.) 2-248 
TAPE RECORDER 6-219-21 
Tape recording, Video 6-223; 
illus. 6-224 
Tapetus (ancient ocean) 2-25 
Tapeworm (zool.) 3-472; 
4-209; illus. 4-209 
Tapir (zool.) 2-290; /llus. 5-15 
Taproot system (bot.) 4-91 
Tarantula (z00l.) 4-243; illus. 
4-243 
Tardigrada (z00!,) 4-189 
Tarsal bone (anat.) 5-186; i//us. 
=181, 184, 185 
Tar sand (oil deposit) 2-311 
Tarsier (zool.) 5-135; illus. 
5-133 
Tasaday (Philipp. people), illus. 
5-157 
Tasmania, isl., Austr. 2-217 
Tasmanian devil (zool.) 5-24; 
illus. 5-24 
Tasmanian wolf (zool.) 2-488, 
491; 5-24 
TASTE (physiol.) 5-286-87, 408 
Taste bud (anat.) 5-286; illus. 
5-286 
decrease in number with 
aging 5-357 
Tau (phys.) 3-314 
Taurid (meteor shower) 1-166 
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Taurus (constellation) 1-35; 
illus. 1-212 
Taylor, A. H. (Amer. phys.) 
6-193 
Tayra (zool.) 5-86; illus. 5-88 
TCP theorem (phys.) 3-318 
Teaching 
cybernetic applications 
-373 
engineering 6-10 
Teak tree (bot.) 4-175 
Tear gland see Lachrymal 
gland 
Technetium (elem.) 3-44 
superconductivity 3-369 
Technology 
automation 6-366 
bionics 3-450 
electronics 6-139 
engineering, history of 6-2 
environmental pollution 
2-454 
metallurgy 6-27 
Tectonic processes (geophys.) 
2-28 
Teddy-bear cactus (bot.), illus. 
4-152 
Teeming 
steel 6-51 
Teeter tail (bird) see Spotted 
sandpiper 
Teeth see Tooth 
Tektite (geol.) 1-165; illus. 
1-167 
Teleconferencing 6-154 
TELEGRAPH (communication 
system) 6—163-67; 2-396 
Telemetering system (space- 
craft) 1-264 
Teleost fish (zool.) 4-303 
TELEPHONE (communication 
system) 6-168~73; 2-396 
communications satellites 
1-269 fol 
computer input/output 
1-470 
Telephoto lens (phot.) 6-244, 
246; illus. 6-243 
Teleprinter (teleg.) 6-165 
TELESCOPE (astron. instru.) 
1-36-44, 7; 3-293; illus. 
1-11 
coronagraph 1-67 
moon exploration 1-296 
observatories 1-45 fol, 
solar telescope 1-71 
X-ray astronomy 1-175, 
178; illus. 1-176 
See also Radio telescope 
Teletypewriter 6-165; illus. 
6-166 
computer input 1-470 
TELEVISION 6-200-12 
cathode-ray tube 6-143 
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TELEVISION(cont.) 
communications satellite 
1-269, 270, 271, 266 
video cassettes and video- 
discs 6-222 
Television microscope 6-310 
Telluric lines (phys.) 1-74 
Tellurium (elem.) 3-44 
Telophase (biol.) 3-395; illus. 
3-392, 393 
Telstar (communications satel- 
lite) 1-270, 272 
Temperate zone 
jet streams 2-110 
precipitation 2-158 
Temperature 3-12 
boiling point 3-16 
chemical reactions 3-64 
fol. 
comparison of temperature 
scales 6-391 
condensation 3-16 
critical temperature 3-16 
cryogenics 6-328 
earth's interior 2-57 
evaporation 3-15 
ideal gas laws 3-13 
melting point 3-19 
ocean water 2-229 
precipitation affected by 


2-159 
skin sense 5-287, 288 
solubility 3102 


stars 1-184, 193 
superconductivity 3-78, 
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thermometers 3-198 fol. 
water molecule, effects of 
temperature change on, 
chart 3-92 
Temperature inversion (mete- 
orol.) 2~462, 470 
Tempered scale (mus.) 3-275 
Tempering (hardening metals) 
steel 6-55 
Temporal bone (anat.) 5-176 
Temporal lobe (anat.) 5-266 
fol, 
Tenacity 
minerals 2-45 
Tendinitis (med.) 5-195 
Tendon (anat.) 5-193, 187 
Tendon sheath (anat.) 5-195 
Tendril (bot.) 4-93 
Tenebrionidae (entom.) 4-283 
(zool.) 5-31 
Tensile strain (phys.) 3-26, 28 
Teratorn (paleon.) 4-367 
Terbium (elem.) 3-44 
Teredo (zool.) 4-222 
Tereshkova, Valentina (Sov. 
cosmonaut) 1-277 
Terman, Lewis M. (Amer. 
psych.) 5-415 


Terminal fibril (anat) 5-265 
Termite (insect) 3- 4-276; 
illus. 4-264, 4 
Trichonymphe 4 
Tern (bird) 2-493 4 
Terrain-clearance sitimeter 
(instru.) 6-114 
Terramycin (antibio! 
Terrapin (zool.) 4-3 
Terrarium, illus. 4 
Terrell, James (Amer ohys.) 
1-239 
Terrestrial planets 104 
Territory (biol.) 4-4 
Tertiary period (gec 
fossils 4-487 
Test (memory) 5-31 
Test (shell) 
foraminifers 4 
Testis (anat.) 5-31 17; illus, 
5-317 
Tetanus bacillus (t ), illus. 
4-27 
Tethys (ancient s 
Tethys (astron.) 1 illus. 
1-131 
Tetragonal system 3. | 22 
illus. 3-122 
Tetrahedron (geom.) 3-78 
Tetrahydrocannabina! see THC 
Tetrode (electron.) &- 141 
Tetroon (balloon), ilius. 2-469 
Tevatron (particle a erator) 
6-365 
Texas 
coast 2-212 
Texas cattle fever (disease) 
4-195, 249 
Textile 
synthetic fibers 6-271 
Textile industry 
natural gas, use of 2-344 
Thagard, Norman E. (Amer 
astro.) 1-279 
Thales of Miletus (Gr. philos.) 
3-220 
eclipse 1-147 
geometry 1-367 
loadstone, magnetic quali- 
ties of 2-45; 3-237 
Thallium (elem.) 3-44 
Thallophyta (bot.) 4-32, 43 
Thallus (bot.) 4-6 
fungi 4-43 
liverworts 4-57 
Thames, riv., Eng. 
pollution 2-455 
THC (chem.) 5-434 
Thematic Apperception Test 
(psych.) 5-293; illus. 
5-294 
Theophrastus (Gr. nat.) 2-121; 
3-513 
Theorem (math.) 1-368, 401 


5-482 


Therapeutic community (reha- 
bilitation of drug users) 
5-437 

Theriodont (paleon.) 4-483 

Thermal cracking (petroleum 
indus.) 2-317; 3-73 

Thermal energy 

geothermal energy 2-354 
ocean power plant 2-348 

Thermal insulation see Insula- 
tion, Thermal 

Thermal ionization 3-362 

Thermal pollution 2-301, 459 

geothermal energy plant 
2-357 
Thermal radiation 
sun 1-62, 63 

Thermal spring (geol.) 2-71, 
172; illus. 2-169, 174 

Thermionic emission (phys.) 
6-140 

Thermocouple (Thermopile) 
(measuring device) 
3-201; illus. 3-202 

Thermodynamics (phys.) 

entropy 3-216 
heat transmission 3-208 

Thermoelectric couple (elec.) 
2-385 

Thermoelectric hypothesis 
(geophys.) 2-60 

Thermoelectricity (phys,) 2-60 

Thermoelectric system, Solar, 
illus. 2-351 

Thermograph (instru.) 2-118 

Thermoluminescence (phys.) 

minerals 2-46 
Thermometer (instru,) 3-198 
tol., 12; 2-117 
bimetallic 3-204 
clinical 3-200; illus. 3-200 
differential 3-200 
maximum-minimum 3-201; 
illus. 3-201 
mercury 3-199, 200 
thermocouple (thermopile) 
3-201; illus. 3-202 
Thermonuclear explosion 
cosmic rays, origin of 1-229 
Thermonuclear reaction 
hydrogen bomb 3-362 

Thermopile see Thermocouple 

Thermoplastic material 6-274; 
ius. 6-275 

Thermos bottle 3-215; illus. 
3-215 

Thermoscope (Galileo's ther- 
mometer) 3-199; illus. 
3-199 

Thermosetting plastics 6-274; 
illus. 6-275 

Thermosphere (atmospheric 
layer) 1-99; 2-111; illus. 
2-108 


Thermostat 6-368, 372; illus. 
6-372 
Thiamine (vitamin) 5-370, 368 
Thighbone see Femur 
Thigmotropism (biol.) 4-80 
Thin-film integrated circuit 
(electron,) 6-147 
Thinking (psych.) 5-412 
35mm single-lens reflex cam- 
era 6-242, 247, 248; illus. 
6-241 
Thompson, Benjamin see Rum- 
ford, Count 
Thomson, Elihu (Amer, inv.) 
3-250 
Thomson, Joseph John (Eng. 
phys.) 3-47; 6-159; 
2-360 
Thomson, William see Kelvin, 
Lord 
Thoracic vertebra (anat.) 
5-179, 180; illus. 
5-181 
Thorium (elem,) 3-44 
nuclear energy 2-363 
Thorium-232 (isotope) 
radioactive dating 2-284 
Thorndyke, Edward L. (Amer. 
psych.) 5-415 
Thornheaded worm (zool.), 
illus. 4-229 
Thornton, William E. (Amer. 
astro.) 1-279 
Thrasher (bird) 4-434 
3C-48 (radio star) 1-62; illus. 
1-60 
Three-dimensional images 
and photography see 
Holography 
Three Mile Island nuclear 
power plant, Pa, 2-365 
Three-phase generator (elec.) 
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Thresher shark (fish) 4-322 

Thrips (entom.) 4-262 

Thrombin (biochem.) 5-202, 
377 

Thrombocyte see Platelet 

Thrombocytopenia (disease) 
5-204 

Thrombokinase (biochem.) 
5-202 

Thromboplastin see Thrombo- 
kinase 

Thrombus (med.) 5-205 

Thrush (bird) 4-434; illus. 
4-431 

Thrush (med.) 4-48 

Thrust (phys.) 1-246, 247, 251; 
3-178 

Thrust-deflected VTOL aircraft 
6-108 

Thulium (elem.) 3—45 

radioisotopes 3-327 


THUNDER (meteorol.) 
2-138-44 
Thundercloud 2-138 
Thunderstorm 2-117 
carbon dioxide 2-106 
lightning 3-224 
Thymine (biochem.) 3-497 fol. 
Thyratron (electron.) 6-142 
Thyroid cartilage (anat.) 5-178 
Thyroid gland (anat.) 5-349 
tadpole 4-333 
Tiber River, It 
rock slide 2-163 


Tibetan sand fox (zoo!,) 5-76 

Tibet Plateau, Asia 2-90; illus 
2-89 

Tibia (anat,) 5-185; illus. 5-181, 
184 

Tick (z001.) 4-249; illus. 3-490; 
4-249; 6-307 


Ticktacktoe (game) 1-426 
Tidal bore 2-245, 252 
Tidal clock and rhythm 3-439, 
414 
Tidal current (oceanog.) 2-246, 
52 


Tidal energy 2-249, 386 
Tidal theory (astron.) 2-4; illus. 
2-5 
Tidal wave 2-240, 246, 31 
seashore, formation of 
2-204 
TIDE 2-241-49; 1-110; 3-438, 
441 
tidal currents 2-246, 252 
Tide staff (instru.) 2-248; illus. 
2-248 
Tide Tables 2-248 
Tiger (zool.) 2-490; 5-101; 
illus. 2-489; 5-97, 101 
Chinese tiger 2-480 
Tiger beetle (insect) 4-279 
Tiger fish (zool.), illus. 3-475 
Tiger moth (Wooly bear) 
(insect) 4-290, 294 
Tiger shark (fish) 4-321 
Tiger je (z00).) 4-356 
Tigertail spruce (tree) 4-167 
Tile 
building material 6-22 
Till (geol.) 2-199 
Tilt-wing VTOL aircraft 6-107 
Timber 
forestry 6-14 
See also Tree 
Timber wolf see Gray wolf 
Timbre (acoustics) 3-268 
Time 
biological rhythms and 
clocks 3-438 
entropy 3-219 
geological time scale 
2-279 
relativity theory 3-352 fol. 
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492 


Time, Measurement of 1-7 fol., 
24; 6-393 
calendar 1-168 
observatories 1-49 
Time-division multiplex trans- 
mission (teleg.) 6-166 
Time reversal (phys.) 3-317 
Time-sharing system (data pro- 
cessing) 1-472, 483 
Time-training (biol.) 3-440 
Tin (elem.) 3-45, 79 
building material 6-23 
electroplating 3-147 
steelmaking 6-53 
Tinamou (bird) 4-382 
Ting, Samuel (Amer. phys.) 
illus, 3-312 
Tin-niobium alloy 
superconductivity 3-369 
wire, illus. 3-371 
Tin pest (metal.) 3-79 
Tinplate 6-52 
Tip-up (bird) see Spotted sand- 
piper 
Tire, Automobile 
detection of flaws with 
ultrasonic device 6-289 
Tiros (artificial satellite) 1-266; 


2-120 
Tissue (biol.) 3-381, 383; 
4-178; 5-159 
bones 5-175 
differentiation 5-328 
pH 3-446 
plant 4-3 
ultrasonic scanning 
6-291 


Tissue typing 5-462 
Tit (bird), illus. 4-433 
Titan (astron.) 1-135, 136; illus. 
1-135 
Titania (astron.) 1-137 
Titanic (ship) 2-202 
Titanium (elem.) 3-45 
Titmouse (bird) 4-436 
Titov, Gherman S. (Sov. cos- 
monaut) 1-277 
Titration (chem.) 3-98 
Titusville, Pa. 
oil well 2- 107, 338 
TOAD (zool.) 4-329-30; illus. 
4-332, 335, 336, 482 
adaptations 3-482 
hibernation 4-336 
insect control 4-336 
life cycle 4-332 fol. 
longevity 4-335 
migration 4-471 
Toadstool (bot.) 4-51 
bioluminescence 3-432 
Tobacco (plant), illus. 3-378 
mutation, illus. 3-465 
smoking and health 5-438, 
435 
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Tobacco mosaic (virus) 3-377, 
396, 400; illus. 3-378, 397 
Tobacco worm (entom.) 4-291 
Tocopherol see Vitamin E 
Tokamak (magnetic container) 
2-374; 3-366; illus. 2-373 
Tokyo, Jap.. illus. 3-220 
air pollution 2-462, 463, 
470 
Toluene (chem.) 2-334 
Tombaugh, Clyde W. (Amer. 
astron.) 
Pluto 1-140 
Tom Thumb (locomotive) 6-87; 
illus. 6-13 
Tone quality (mus.) 3-274 
Tongue (anat.) 5-286; illus. 
5-286 
snakes 4-347 
Tonus (Muscle tone) 5-195 
Tool (implement) 
animals’ use of 4-459 
stone tool, illus. 5-156 
TOOTH (anat.) 5-244-52 
adaptations 3-475 
artificial 5-250; illus. 5-250 
carnivore 5—10 
cat 5-97 
dog 5-69 
evolution in mammals 5-3 
fossils 4-476 
milk teeth 5-350 
rodents 5-37 
shark 4-319 
vertebrates, illus. 5-149 
Tooth bud (embryol.) 5-328 
Toothed whale (zool.) 5-53, 58 
Tooth shell (zool.) 4-225 
Topknot pigeon (bird) 4-398 
Topography 
influence on soil formation 
4-16 
Top quark (phys.) 3-322 
Tornado (wind system) 2-137, 
149; illus. 2-134, 135 
Torpedo-ray (fish) 3-478; 
4-325; illus. 4-322 
Torque converter (auto.) 6-82 
Torricelli, Evangelista (It. sci.) 
2-106, 117; 3-189 
Torricelli’s mercury barom- 
eter, illus. 3-190 
Torsion balance 1-98 
Tortoise see Turtle and tortoise 
Torus (astron.) 1-131 
Toucan (bird) 4-411; illus. 
4-411 
TOUCH (sense) 5~287-89 
Touch-Tone telephone 
computer input/output 
1-470 
Tourmaline (min.) 2-46; illus. 
2-43 
light polarized by 3-303 


Tower telescope 1-7! 
Toxin (biochem.) 5 6 
bacteria 4-26 
Toxoid (med.) 5-258 
T-quark see Top quark 
Trace element 
human body § 
Tracer, Radioisotope sea 
Radioisotope tracer 
Trachea (anat.) 5-221. illus. 
5-223 
Tracheophyte (bot) 4-58 
Trade wind 2-115, 130 
Train see Railroad 
Trajectory (space flight) 
1-254 
Trance (psych.) 5-404 


Tranquility Base (moon land- 
ing site), ilus. 1-303 

Tranquilizer (drug) 5-303, 432 

Tranquillitatis, Mare (moon 
feature) 1 5 


Transactinide elemen 
Transamazon Highwa 
2-482; illus, 2-41 
Transduction (bio|.) 3-399 
Transfer molding ( 
indus.) 6 
6-281 
Transformer, Electric 2-392; 
3-235; illus 95; 3-6, 
236 
Transform fault (geol.) 2-23 
Transillumination (med.) 5-476 
TRANSISTOR (electron.) 
6-141—45, 147, 155, 157 
telephone 6-169 
Transit (artificial satellite) 
1-264, 266 
Transit (astron.) 
Mercury 1-93 
Venus 1-96 
Translucent material 3-285 
Transmission, Television 
6-207 
Transmission deafness 3-268 
Transmission electron micro- 
scope, illus. 3-28 
Transmission line (elec.) 
2-392, 393; illus. 2-295, 


391 

Transmission main see Aque- 
duct 

Transmission system (auto.) 
6-80; illus. 6-82 

Transmitter, Television, i//us. 
6-209 


Transonic range (aero.) 6-129 

Transparency (phot.) 6-251 

Transparency film (phot.) 
6-248, 251 

Transpiration 2-159; 4-97, 141 

Transplant, Organ see Organ 
transplant 


Transponder (amplifying 
device) 1-271 
Transportation 
automobile 6-70 
energy consumption 2-295 
oil, transportation of 2-315 


railroads 6-87 
urban mass transportation 
6-92 
Transuranium element (chem.) 
2-359 
Transverse colon (anat.) 
5-238 


Transverse sand dune (geol.) 
2-427; illus. 2-428 
Trap-door spider (zool,) 4-243, 

245 
Trapezium (geom.) 1-373 
Trapezoid (geom.) 1-373 
Traveling-wave tube (electron.) 
6-143 
Trawling 
deep-sea exploration 
2-275 
TREE (bot.) 4-162-75, 92 
adaptations 4-134 
forestry 6-14 
fossils 4-481, 482, 484, 485, 
487 
growth zones, illus. 4-77 
gymnosperms 4-64 
rainfall, effect on 2-159 
seedlings, illus. 2-405; 
6-14 
trunk cross section, illus. 
4-97 
Tree barker (mach.), illus. 6-20 
Treecreeper (bird) 4-438; illus. 
4-436 
Tree farm 6-15 
Tree tern (bot.) 4-59 
fossils 4-485 
Tree frog (zool.) 4-327, 330, 
332; illus. 4-327, 328 
Tree-of-heaven (bot.) 4-174 
Tree-peony (bot.) illus. 4-108 
Tree-ring dating see Dendro- 
chronology 
Tree shrew (zool.) 5-27, 32 
Tree snake (zool.) 4-354 
Trematode (zool.) 4-211 
Trench, Deep-sea 2-264; illus. 
2-21 
plate tectonics 2-27 
Très Riches Heures (illumi- 
nated calendar), illus. 
1-170 
Trevithick, Richard (Eng. eng.) 
6-87 
Trial-and-error learning 
(psych.) see Operant 
conditioning 
Triangle (geom.) 1-370, 372; 
illus, 1-387, 403 


Triangle (cont.) 
non-Euclidean geometry 
1-403 
trigonometry 1-386 fol. 
Triangulation (surveying) 
stars, distances of 1-183 
Triangulum (constellation) 1-62 
Triassic period (geol,) 2-282 
fossils 4-484 
Triboluminescence (phys.) 
minerals 2-46 
Tributary valley 2-420, 421 
Triceps muscle (anat.) 5-192 
Trichina worm (zool.) 4-212; 
illus. 4-214 
Trichinosis (disease) 4-212 
Trichomonas (biol.) 4-193 
Trichonympha (biol.) 4-194; 
illus. 4-194 
Trickling filter (sewage purifica- 
tion device) 2-504 
Triclinic system 3-123 
Tricuspid valve (anat.) 5-208 
Trieste (bathyscaphe) 2-264 
Trifid Nebula (astron.), illus. 
1-207, 212 
TRIGONOMETRY (math.) 
1-386-90 
Trihedral angle (geom.) 1-380; 
illus. 1-381 
Trillium (bot.), illus. 4-66 
Trilobite (paleon.) 4-477, 480, 
481, 483; illus. 4-478 
Trinitrotoluene (TNT) (explo- 
sive) 
structural formula 3-141 
Triode (electron.) 6-140, 172; 
illus. 6-141, 176 
Trisecting the angle (math.) 
1-367 
Tritium (hydrogen isotope) 
2-372; 3-59, 91; illus. 
2-359 
Tritium oxide (chem.) 3-91 
Triton (astron.) 1-139; illus. 
1-139 
Triton, Bay of, Sahara Desert, 
Afr, 2-93 
Trochlea (anat.) 5-183 
Troglodyte see Cave dweller 
Trogon (bird) 4-408; illus. 
4-411 
Trombone (mus. instru.) 3-279 
Trommel (metal.) 6-30; illus. 
6-30 
Trophallaxis (zool.) 4-269 
Trophectoderm (embryol.), 
illus. 5-320, 321 
Tropical continental (air mass) 
2-134 
Tropical maritime (air mass) 
2-134 
Tropical rain forest, illus. 
4-133 


Tropic bird (ornith.) 4-426 
Tropics (geog.) 
precipitation 2-157 
wind 2-134, 136 
Tropism (bot.) 4-80 
Tropopause (atmospheric 
zone) 1-99 
weather 2-113 
Troposphere (atmospheric 
layer) 1-99; 2-109, 111; 
illus, 2-108 
weather 2-113 
Tropospheric scatter propaga- 
tion (tel.) 6-169 
Tropospheric-scatter commu- 
nication systems 6-173, 
208 
Troy weight 6-393 
True rib (anat.) 5-180 
True solid (chem. phys.) 3-18 
Truffle (bot.) 4-49 
Truly, Richard H. (Amer. astro.) 
1-279 
Trumpeter swan (bird) 4-420 
Trunk line (tel.) 6-170 
Trypanosoma (biol.) 4-193; 
illus. 4-194 
Trypsin (biochem.) 5-236 
Tsientang River, China 2-245 
Tsunami see Tidal wave 
Tswett, Michael (Russ. bot.) 
3-124 
Tuatara reptile (z00!.) 3-471 
Tube-nosed bird (ornith.) 
4-425 
Tuber (bot.) 4-94 
Tubercle (anat.) 5-256 
Tuberculosis (disease) 5-256 
bone, tuberculosis of the 
5-186 
tubercle bacillus, ///us, 
4-27 
Tubuildentata (z00).) 5-14 
Tucanae (star cluster), illus. 
1-187 
Tuff (rock) 2-432 
Tugboat, i//us. 2-307 
Tulip (bot.), illus. 4-104 
Tulip tree (bot.) 4-173; illus. 
4-175 
fruit, illus. 4-165 
Tumbling (plastics indus.) 
6-284 
Tumor (med.) 4-471 
bone 5-186 
brain 5-274; illus. 5-274 
radioisotope tracers 
3-327 
Tuna (fish) 
mercury contamination 
2-458 
Tundra (plains) 2-89; illus. 
2-87 
Tung oil tree (bot.) 4-174 


INDEX 


493 


494 


Tungsten (elem.) 3-45; 6-53 
melting point 3-206 
Tungsten carbide 3-85 
Tunguska region, Sib., USSR, 
illus. 1-245 
meteorite 1-163 
Tunicate see Sea squirt 
Tuning circuit (radio) 
6-183 
Tuning fork 3-257 fol. 
frequencies of sound 
1-390; 3-259 
Tupaiidae (zool.) 5-27, 32 
Turaco (bird) 4-404; illus. 
4-402 
Turbellarian (zool.) 4-212 
Turbidity current (oceanog.) 
2-263, 264 
Turbine (mach.) 
electricity, generation of 
2-386, 389 
Turbofan engine 6-123; illus. 
6-119,120 
Turbojet engine 6-69, 123; 
illus. 6-121 
Turboprop engine 6-69, 123; 
illus. 6-121 
Turboprop plane, illus. 6-4 
Turbotrain, i//us, 6-89 
Turbulence, Atmospheric 
2-129 


Turgor movement (bot.) 4-81; 


illus, 4-82 


Turkey (bird) 4-391, 396; illus. 


4-396 
Turkey vulture (bird) 4-385 
Turnaround document (data 
processing) 1-470 
Turpentine (resin) 4-65 
TURTLE AND TORTOISE 
(zool.) 4-358-60; illus. 
3-373; 4-472; 5-150 
loggerhead turtle, illus. 
2-231 
migration 4-472 
Turtle dove (bird) 4-398 
Turtle Mountain, Alta., Can. 
landslide 2-164 
Tuve, Merle A. (Amer. phys.) 
6-193, 358 
Tuyere (blast furnace) 6-43 
Twice-compound leaf (bot.) 
4-163; illus. 4-163 
Twilight 2-109; 3-304 
Twin-lens reflex camera 
6-243; illus. 6-241 


Twins 5-318, 334; illus. 5-334, 


335 
Twister see Tornado 
Two-dimensional chromato- 
gram 3-127 
Two meter FM 6-191 
Two-person zero-sum game 
(math.) 1-425, 426 
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Two-point threshold (physiol.) 
5-287 
Two-stroke engine 
diesel 6-67; illus. 6-68 
gasoline 6-66; illus. 6-67 
Tycho (moon crater) 1-113, 
305, 306, 315 
Tycho Brahe (Dan. astron.) see 
Brahe, Tycho 
Tympanic cavity (anat.), illus. 
5-282 
Tympanum see Eardrum 
Tyndall, John (Brit. phys.) 
3-109 
Tyndall effect (chem.) 3-109; 
illus. 3-109 
Typesetter see Compositor 
Typesetting (printing) 6-229 
Typewriter 
computers 1-464, 470 
Typhoid fever (disease) 
bacillus, illus. 4-31 
Typhoon (wind system) 2-136 
Typology (psych.) 5-290 
Tyrannosaurus rex (paleon.) 
4-486 
Tyrothrycin (antibiotic) 5-481 
Tzolkin (Mayan calendar) 
1-169 


U 


Uakari (zool.), illus. 2-486 
UDH see Unsymmetrical 
dimethyl hydrazine 
UFO see Unidentified flying 
object 
UHF signal see Ultra high fre- 
quency signal 
Uhuru (artificial satellite) 1-175, 
244; illus. 1- 243 
Ulcer, Peptic (med.) 5-243 
psychosomatic disorder 
5-419 
Ulna (anat.) 5-183; illus. 5-181, 
182 
Ulothrix (bot.) 4-36; illus. 4-36 
Ultisol (soil) 4-18 
Ultracentrifuge (mach.) 3-112: 
illus. 3-111 
Ultra high frequency (UHF) sig- 
nal 6-209 
Ultramicrofiche 6-260 
Ultramicroscope (instru.) 
3-109; 6-307 
ULTRASONICS 6-285-91 
Ultraviolet microscope (instru.) 
6-308 
Ultraviolet radiation (phys.) 
3-249; illus. 3-249 
atmosphere 2-110, 111 
space flights’ effects on 
astronauts 1-275 


Ultraviolet radiation (cont.) 
uses 3-254 
vitamin D 5-37 
Ulva (bot.) 4-38 
Umbellina (zoo!.). | 
Umbilical cord (ana 
330; illus. 5 
Umbra (astron.} 
illus. 1-145 
Umbriel (astron.) 1 
Uncertainty principie (phys.) 
3-340, 34 
Underground gasification of 
coal 2- 
Underground mining 
iron ore 6-42 
Underground nuclear test 
earthquake: 
Underground riv l.) 
caves 2-97 
Underground water see 
Ground v 
Ungulate (zoo!.) 
deer family 5 
elephants 5 
Unheard sound 
UNIDENTIFIED Fi. G 
OBJECT 1 29 
Unified force theo hys.) 
3-348 
Uniflow steam engine 8-61 
Uniform Anatomica’ Sift Act 
5-463 
Uniform Donor Card 5-463; 
illus. 5-466 
United Nations Educational, 
Scientific, and Cultural 
Organization (UNESCO) 
2-480 
United Nations Environment 
Program (UNEP) 2-481 
United Nations Food and Agri- 
culture Organization 
2-232 
United Nations List of National 
Parks and Equivalent 
Reserves 2-480 
United States 
energy consumption 2-294 
fol. 
United States Forest Service 
2-478 
United States Public Health 
Service 
report on smoking and 
lung cancer 5-443 
UNIVERSE 1-2-12, 214, 245; 
3-360 
X-ray astronomy 1-178 
UNIVERSE, Origin of the 
1-13-16 
Unmanned space vehicles 
1-264 
Unnilquadium (elem.) 3-45 


Unnilquintium (elem.) 3-45 
Unnilsexium (elem.) 3-45 
Unsaturated fatty acid (chem.) 
5-380 
Unsaturated hydrocarbon 
(chem,) 3-135 
Unstable equilibrium (phys.) 
3-171; illus, 3-170 
Unsymmetrical dimethyl 
hydrazine (chem.) 1-249 
Upatnieks, Juris (Amer. sci.) 
6-334 
Upper Cretaceous period 
(geol.) 
climate, analysis of 2-289 
Up quark (phys.) 3-321 
Upsilon particle (phys.), illus. 
3-320 
Uracil (biochem.) 3-500 
Urals, mts., USSR 2-25 
Uranium (elem.) 3-45 
atomic number 3-50 
dating 6-354 
nuclear energy 2-360, 363, 
364, 367 
Uranium-233 (isotope) 
nuclear energy 2-362, 363 
Uranium-235 (isotope) 
nuclear energy 2-360, 362, 
363 
radioactive dating 2-284 
Uranium-238 (isotope) 
radioactive dating 2-284 
Uranium dioxide (chem.) 
nuclear energy 2-364 
Uranium hexafluoride (chem.) 
nuclear energy 2-363 


URANUS (planet) 1-137-38, 83, 


86, 89; illus. 1-140 
life, unsuitability for 1-322 
Neptune, discovery of 
3-165 
satellites 1-84 
URBA (form of mass transit), 
illus. 6-92 
Urban areas 
air pollution 2-467, 461 
energy from waste 2-376 
environment 2-465 
mass transportation 6-92 
sewage crisis 2-456 
water pollution 2-455 
URBAN MASS TRANSPORTA- 
TION 6-92-99 
Urea-formaldehyde (plastic) 
6-278 
Ureter (anat.) 5-325 
Urethane resins (plastics) 
6-280 
Urethra (anat.) 5-318; illus. 
5-317 
Urey, Harold C. (Amer. chem.) 
climates, analysis of 2-288, 
289 


Uric acid 
gout 5-457 
Urochordate (z00l.) 4-297 
Urodela (z00!.) 4-329 
See also Newt; Salamander 
Urogenital system (anat.) 
5-161 
human embryo, develop- 
ment in 5-325 
Ursa Major (constellation) 
1-24, 26 
distance of galaxies 1-219 
Ursa Minor (constellation) 1-26 
Ursid (meteor shower) 1-166 
U-shaped sand dune 2-428; 
illus, 2-428 
U.S. RDA see Recommended 
Dietary Allowance 
Ussuri taiga, USSR 
meteorites 1-163 
Uterus (anat.) 3-425; 5-317 
fol.; illus. 5-317, 318, 323 
birth 5-329 
Utility, Public see Public utility 
Utilizer (mach,) 6-17 
Utricle (anat.) 5-289; illus. 
5-288 
Uvarov, B. P. (Brit. zool.) 4-474 


v 


V-1 (pilotless jet plane) 6-121 
V-2 (rocket) 6-121 
Vaal rhebok (zool.) 5-130 
Vaccination (med.) 5-366; illus. 
5-253 
Vaccine (med.) 5-258 
bacteria 4-28 
influenza 5-455; illus. 
5-455 
swine flu 5-452 
virus 3-401 
Vacuole (biol.) 3-387, 389; 4-3, 
192; illus. 3-388 
Vacuum 3-193 
Vacuum evaporation 3-207 
Vacuum molding (plastics 
indus.) 6-283; illus. 
6-283 
Vacuum processing (steel 
indus.) 6-50 
Vacuum pump 3-193; illus. 
3-194 
milking of cows 3-194 
Vacuum tube (electron.) 6-140 
Vadose circulation (ground 
water) 2-171 
Vagabond spider (zool.) 
4-247 
Vagina (anat.) 5-317, 318; illus. 
5-317 
Vagus nerve (anat.) 5-213 
VALENCE (chem.) 3-52-58, 49 


Valence electron (chem., 

phys.) 3-49 
electrochemical reactions 

3-143 

Vallarta, Manuel S. (Mex. 
math.) 1-225 

Valley (geol.) 2-419, 418, 423, 
424 


glacial erosion 2-194 
Valley glacier see Mountain 
glacier 
Valley sink (geol.) 
caves, formation of 2-97, 
98 
Valley train (geol.) 2-201 
Valve (anat.) 
heart 5-208 
Valve (mech.) 6-65, 76 fol.; 
illus. 6-64, 66, 76 
Vanadium (elem.) 3-45 
air pollution 2-300 
steelmaking 6-53 
Vanadium pentoxide (chem.) 
catalyst, illus. 3-72 
Van Allen radiation belt 1-265; 
3-247, 365 
solar particles 1-74 
Van de Graaff, Robert J. 
(Amer, phys.) 6-358 
Van de Graaff generator (elec.) 
6-358; illus. 6-358 
Van der Waals, Johannes 
Diderik (Du. chem.) 3-14 
Van der Waals’ equation 3-14 
Van der Waals’ forces 3-14 
Vanguard (artificial satellite) 
1-263, 265 
Vanner see Shaking table 
Vapor chromatography 3-127; 
illus. 3-128 
Vaporization, Heat of see Heat 
of vaporization 
Vapor pressure (phys.) 
pressure-temperature rela- 
tionship, graph 1-336 
solutions 3-103 
Vapor-turbine cycle (method of 
harnessing geothermal 
energy) 2-355 
Variable (math.) 1-433, 434 
Variable condenser see Con- 
denser 
VARIABLE STAR (astron.) 
1-193-99, 11, 190 
Variation (biol.) 3-461, 469 
insect 4-256 
Varicose vein (med.) 5-217 
Varve (geol.) 2-202, 287 
Varying hare see Snowshoe 
rabbit 
Vas deferens (anat.) 5-318 
illus, 5-317 
Vase sponge (zool.) illus. 
4-198 
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496 


Vaucheria (bot.) 4-39 
VCR see Video cassette 
recorder 
Vector (biol.) 3-397; 4-258 
Vector (math.) 3-180 
Vega (star) 1-24, 34, 104 
VEGETABLE (bot.) 4-145-48 
fiber 5-388 
Vegetable oil 4-118 
Vegetable protein (biochem.) 
5-384, 386 
Vegetarian 
diet 5-386 
Vegetation (bot.) 
soil formation 4-16 
Vegetative organ (bot.) 4-61 
Vegetative propagation (bot.) 
4-91 
Vegetative reproduction (bot.) 
4-5 
Veil Nebula, i//us. 
1-2 
Vein (anat.) 5-211; illus. 5-213 
Vein (bot.) 4-101 
Vein (geol.) 2-40 
Veksler, V. (Russ. phys.) 6-362 
Velocity (phys.) 3-175, 356, 357 
momentum 3-177 
Velvet ant (insect), illus. 4-275 
Vena cava (anat.) 5-208, 211 
Veneer 6-15, 18 
Venera (spacecraft) 1-262, 268 
Venereal disease 
infectious arthritis 5-457 
Venn diagram (math.) 1-440; 
illus. 1-440, 441 
Venom (toxin) 
centipede 4-250 
scorpions 4-248 
snakes 4-355 
spiders 4-244 
Venom gland 3-477 
Vent, Volcanic 2-12, 13, 61, 65, 
68 


Ventifact (sandblasted rock) 
2-426; illus. 2-426 
Ventilation 
coal mining 2-329 
Ventricle (anat.) 5-208, 212 fol. 
Ventriloquistic principles 
5-284 
Venule (anat.) 5-211 
VENUS (planet) 1-94-96, 83, 86 
life 1-321 
space probes 1-262, 268 
Venusian Eye (storm on Venus) 
1-96 
Venus's-flytrap (bot.) 3-478: 
4-4; illus. 3-478 
Verbal learning (psych.) 5-311 
Vermiform appendix (anat.) 
5-238 
appendicitis 5-241 
Vermis (anat.) 5-269 
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Vernal equinox (astron.) 1-20, 
23 


Vernix caseosa (embryol.) 
5-330 
Vertebra (anat.) 5-178, 179 
Vertebral column see Back- 
bone 
Vertebrate (zool.) 5-148 
fossils 4-480 fol. 
mammals 5-2 
Vertical circle (astron.) 1-21 
Vertical turbine pump 2-437 
Vertisol (soil) 4-18 
Very high frequency (VHF) sig- 
nal 6-209 
Very Large Array (radio tele- 
scope), i/lus. 1-62 
Vespa (insect) 4-274 
Vespula hornet see Yel- 
lowjacket 
Vesta (asteroid) 1-159 
Vesuvius, Mount, volc., It. 
2-62, 69, 70 
flood of mud 2-162 
VHD videodisc system 6-227 
VHF signal see Very high fre- 
quency signal 
VHS (video cassette recorder) 
6-222 
Vibrating screen (metal.) 6-31, 
illus. 6-30 
Vibration (phys.) 
sound 3-259 
Vibrato (mus.) 3-272 
Victoria Desert, Austr. 2-93 
Vicuña (zool.) 5-115 
VIDEO CASSETTE 6-222-24 
Video cassette recorder (VCR) 
6-222 fol.; illus. 6-224 
VIDEODISC 6-224-27, 222 
Video signal (TV) 6-206 fol. 
Video tape recorder (VTR) 
6-209, 223 
Vidicon (TV) 6-204; illus. 
6-204 
Vieta, Francois (Fr. math.) 
1-353 
View camera (phot.) 6-242; 
illus. 6-241 
Viewfinder (phot.) 6-241 
Viewfinder camera (phot.) 
6-241; illus. 6-241 
Viking (spacecraft) 1-268; illus. 
1-118, 324 
biological experiments 
1-323 
Mars 1-119 
Villi (anat.) 5-237 
Vincent's infection (disease) 
5-247 
Vinci, Leonardo da see Leon- 
ardo da Vinci 
Vine (bot.), illus. 4-6 
Vine, F. J. (Brit. oceanog.) 2-24 


Vinegar 3-100 
acetic acid 
Vinegar fly (ir 
Vine snake (zoo!) 
Vinyl chloride (ct 
Vinyl resins (pla 280 
Violin (mus. inst 
277 
Viomycin (antibic 5-482 
Viper (zool.) 4 5, 357; 
illus, 3—4 
Vireo (bird) 4—4 
Virginia clappe 
Virginia deer ( $-121; 
illus. 5—12 
Virgo (constella -33 
Virgo cluster (9 
distance 1-21 
Virtual focus (c 3-288 
Virtual image (c 
289; 6-301: í 
VIRUS (biol.) 3- ~402, 377, 
503 
cancer 5—4 
crystal stru ilus. 
3-123 
influenza 5 
micrograp atic 
material, / 458 
Virus vaccine (r 258 
Viscosity (phys 
gases 3-22 
glass 3-19 
liquids 3-21 
Visible Speech ator 
3-269 
Visilog system 3 
Vision 
color vision 3 
eye 5-275 
optic nerve 5—250 
primates 5-133 
snakes 4-347 
Visual acuity 5-280 
Visual purple (pigment) 3-282; 
5-276 
Vital capacity 5-226 
Vitamin A (biochem.) 5-368 
eye 5-276 
Vitamin B, see Thiamine 
Vitamin B, see Riboflavin 
Vitamin B, see Pyridoxine 
Vitamin B,, (biochem.) 5-203, 
373, 386 
cobalt 5-383 
Vitamin B complex (biochem.) 
5-369 
Vitamin C (biochem.) 5-374 
Vitamin D (biochem.) 5-375 
Vitamin E (biochem.) 5-376 
selenium 5-383 
Vitamin H see Biotin 
Vitamin K (biochem.) 5-376, 
202 


Vitamin M see Folic acid 
VITAMINS (biochem.) 
5-367-77 
deficiency in older persons 
5-361 
vegetables 4-145 
Vitreous humor (anat.) 5-277 
Viverrid (zool.) 5-92 
Vocal cord (anat.) 5-221 
Vocational psychology 
5-416 
Voice (mus.) 3-280 
Voice synthesizer 6-150 
Volcanic ash 2-69, 432 
Volcanic island (geol.) 2-218; 
illus. 2-218 
Volcanic neck (Volcanic plug) 
(geol.) 2-12; illus. 2-10 
Volcanic theory of lunar crater 
formation 1-306, 307 
Volcanic vent see Vent, Vol- 
canic 
Volcanism (geol.) 2-8; illus. 
VOLCANO (geol.) 2-61-71; 
illus. 2-25, 26 
ash 2-432 
coral reefs 2-214 
earthquakes 2-28 
ice ages 2-290 
lo 1-127 
moon 1-315 
mountain building 2-75 
oceans 2-264, 266 
plate tectonics 2-25 
seashores 2-210, 212 
streams, effects of volcanic 
eruptions on 2-423 
tidal waves 2-240, 246 
Volcano, Submarine 2-70, 75, 
205 
volcanic island 2-218 
Vole (zool.), illus. 5-1 
Volkov, Vladislav N. (Sov. cos- 
monaut) 1-278 
Volt (elec.) 3-233 
Volta, Alessandro (It. phys.) 
3-227, 233 
Voltage (elec.) 2~384, 385, 392 
fol., 396 
Voltage multiplier (phys.) 
6-356 
Voltaic cell (battery) 3-149, 
228; illus. 3-228 
Voltaic pile (elec.) 3-227 
Voltmeter (instru.) 3-234 
Volume 
cone 1-383 
cylinder 1-382 
formulas for determining 
6-394 
frustum 1-383 
ideal gas laws 3-13 
prism 1-381 


Volume (cont.) 
similar solid 1-383 
sphere 1-385 
Volume strain (phys.) 3-27 
Voluntary muscle see Skeletal 
muscle 
Volva (bot.) 4-50 
Volvox (bot.) 4-37; illus. 4-36; 
6-322 
Volynov, Boris V. (Sov. cosmo- 
naut) 1-278, 279 
Von Braun, Wernher (Ger.- 
Amer. eng.) 1-288 
Von Neumann, John (Hung.- 
Amer. math.) 1-427 
Voskhod (spacecraft) 1-277 
Vostok (spacecraft) 1-277, 273 
Voting 
computer applications 
1-473 
Voyager (spacecraft), illus. 
1-261 
Jupiter 1-127 
Saturn 1-129, 131 fol., 136 
VTOL aircraft 6-107 
VTR see Video tape recorder 
Vulcanism see Volcanism 
Vulpecula (constellation), i//us. 
1-210 
Vulture (bird) 4-385, 368 


w 


Waksman, Selman (Amer. 
biochem.) 5-406, 481 
Walking fern (bot.) 4-59 
Walking fish (z001.) 4-308; 
illus. 4-303 
Walking-leaf insect 3-480 
Walking machine, illus. 3-452 
Walking stick (insect) 4-260 
Wallaby (zool.) 3-482; 5-22 
Wallace, Alfred Russel (Eng. 
expl.-nat.) 3-456 
Wallaroo (zool.) 5-21 
Wallboard 
building material 6-26 
Walnut (tree) 4-172; illus. 
4-173 
fruit, illus. 4-114 
WALRUS (zool.) 5-44-49 
Walsh, David (Amer. nav. off.) 
2-264 
Walton, E. T. S. (Brit. phys.) 
6-357 
Wandering albatross (bird) 
4-426 
Wandering spider see Vaga- 
bond spider 
Wankel engine 6-69, 98 
Wapiti see American elk 


Warbler (bird) 4-436, 465; illus. 


4-435, 436 


Warm-blooded animals see 
Homeotherm 
Warm front (meteorol.) 2-116, 
134 
War of the Worlds, The (novel 
by Wells) 1-316; illus. 
1-316 
Warrigal see Dingo 
Warthog (zool.) 5-112 
Wasatch Mountains, U.S. 2-80 
Washington, H. S. (Amer. geol.) 
2-70 
WASP (insect) 4-274-76; illus. 
4-245 
Waste 
energy systems’ generation 
of wastes 2-301 
WASTE DISPOSAL 2-496-506 
energy from waste 2-376 
nuclear fuels 2-366 
radioactive wastes 2-302 
solid wastes 2-463 
water pollution 2-455 
Wastewater 2-501 
Watches see Clocks and 
watches 
WATER 2-415-24; 3-86-92 
air circulation affected by 
water temperature 2-127 
Avogadro's number 3-20 
boiling point 3-16 
cells 3-383, 385 fol. 
conservation 2-407 
critical temperature 3-17 
density 3-183 
earth 1-99 
electrolysis 3-147 
entropy 3-219 
freezing 3-206 
geothermal wells 2-355 
glaciers 2-190 
ground water 2-168 
heat conduction 3-209 
heat of vaporization 3-207 
ionization 3-96 
molecule 3—10, 58; illus. 
3-58, 62 
moon 1~311 
nuclear reactors 2-365 
ocean 2-223 
osmosis 3-25 
oxygen isotopes use in 
analysis of climates 
2-288 
photosynthesis 4-3 
precipitation 2-156 
purification 3-92 
rivers 3-180 
seed dispersal 4-121 
soils 4-21 
solubility, temperature's 
effects on 3-102 
sound, speed of 3-262 
surface tension 3-24 


INDEX 


497 


498 


WATER (cont.) 
water supply 2—433 
wave compared to sound 
wave 3-258 
WATER AND SHORE BIRDS 
4—412-26 
Water beetle (insect) 4-279; 
illus. 4-279 
Waterbuck (zool.) 5-130 
Water bug (insect), illus. 4-265 
Water cobra (snake) 4-356 
Water crowfoot (bot.) 4-138 
Water (hydrologic) cycle 
2-180, 181, 434; illus. 
2-434 
Water debt (physiol.) 5-395 
Water deer (zool.) 5-121; illus. 
5-120 
Water-driven oil well 2-311 
Waterfall 2-421; illus. 2-183 
caves, formation of 2-101 
Water filtration see Filtration, 
Water 
Water flea (Daphnia) (zool.) 
4-231, 238; illus. 4-236 
Waterfowl (birds) 4-420 
conservation 2-405 
Water gas (fuel) 2-333 
manufacture, illus. 2-334 
Water lily (bot.) 4-138; illus. 
4-109, 141 
Water main 2—449 


Water moccasin (snake) 4-350, 


357 
Water mole (zool.) 5-29 
Water moss (bot.) 4-56 
Water pipe 
corrosion 3-152 
Water plant (bot.) 4-138 
ferns 4-59 
Water pollution 2—455, 301, 
302; 3-494 
algae 4-35 
cancer 5-474 
eutrophication 2-457 
fish kill, ius. 2-182, 454 
ground water 2-179 
industrial wastes 2-458; 
illus. 2-453, 455 
oil spills, illus. 2-399, 461 
pesticides 2-492 
radioactive pollution of 
ocean 2-232 


sewage 2-456; illus. 2-452, 


500 
thermal pollution 2-413 
wastewater 2-501 
Water power see Hydroelectric 
power 
Water purification 2-439; 
3-92 
Water scavenger (insect) 
4-280 
Watershed 2-181, 424 


INDEX 


Water snake (zool.) 4-349, 350, 
354; illus. 4-352 

Water spider (zool.) 4-248; 
illus. 4-241 

Waterspout (tornado at sea) 
2-137; illus. 2-135 

WATER SUPPLY 2-433-49 

purification 3-92 

Water table (ground water) 
2-170; illus. 2-170 fol. 

Water-tube boiler 6-59; i//us. 


6-59 
Water turbine (mach.), illus. 
2-389 
electricity, generation of 
2-391 


Water vapor 
atmosphere 2-110, 156 
clouds and fogs 2-145 fol. 
evaporation 3-15 
pressure-temperature rela- 
tionship, graph 1-336 
Watson, James D. (Amer. 
biochem.) 3-498 
Watson, John B. (Amer. psych.) 
5-406 
Watson, Thomas A. (Amer. tel. 
technician) 6-169 
Watson-Watt, Robert A. (Brit. 
phys.) 6-194 
Watt (elec.) 2-232 
Watt, James (Scot. inv. and 
eng.) 
steam engine 6-58 
Watt-hour (meas. of elec.) 
3-234 
Watt-hour meter (elec. meas. 
device) 2-395; 3-234; 
illus. 2-395 
Wave (phys.) 
light waves 3-252, 331; 
illus. 3-332 
radio 3-250 
sound 3-256 
WAVE, Ocean 2-233-40; illus. 
2-204 
caves, formation of 2-101 
earthquakes 2-31 
hurricane 2-136 
seashore, formation of 
2-203, 204, 212 
Wave frequency (phys.) 
Doppler effect 1-14 
light 3-332 
sound 1-390; 3-259; 
6-285, 287 
Wave function (phys,) 3-345 
Wavelength (phys.) 
resolving power of tele- 
scope 1-42 
sound waves 3-258 
visible light 3-296 
X rays 1-174, 175 
Wave mechanics (phys.) 3-252 


Wave properties of electrons 


(phys.) 3—47 
Wave theory of light (phys.) 
3-248 


Wax 
petroleum 2-318 
Waxwing (bird) 4-43 
W-boson (phys.) 3-31: 
Weak interaction (r 
3-313, 319, < 
Wear-and-tear dis: 
Osteoarthrit 
WEASEL (zool.) 
WEATHER 2-11 
air pollution 2 
atmosphere 2- 
precipitation 2—15¢ 
wind 2-126 
Weather balloon see Radio- 
sonde 
Weather forecasti 
radar 6—199; il/i 
Weathering (geo!.) 
minerals 2-41 
Weather map, illus. 2- 
Weather satellite 1 
Weather stripping & 
Weaver (bird) 4 
Weaver ant (insect) 
4-268 
Weaver finch (bird) 
biological rhythms and 
clocks 3-444 
Web, Spider see Spider web 
Weber, Joseph (Amer sci.) 
1-243 
Web-fed press (print 
fol. 
Web-spinner (insect) 4-261 
Weddell seal (zool.) 5-45; illus. 
5-44 
Wedge (mach.) 3—-157; illus. 
3-157 
Weed (bot.) 
control 4-148 
Week (time period) 1-171 
Weeping willow (tree) 4-170 
Weevil (insect) 4—286; illus. 
4-251 
Wegener, Alfred (Ger. sci.) 
continental drift theory 
2-19 
Weight (phys.) 1-98; 3-166 
moon 1-115 
Weightlessness 
space flights’ effects on 
astronauts 1-274 
Weight measure 
metric system 6-392 
United States 6-393 
Weinrich, M. (Amer. phys.) 
3-346 
Weitz, Paul J. (Amer. astro.) 
1-279 


121 
193 


g) 6-235 


Weizsaecker, C. von (Ger. 
astron.) 
nebular hypothesis 2—4 
Welding 
pipeline seams inspected 
with X ray, illus. 6-346 
Well (water supply) 2-175, 176, 
436; illus. 2-175, 176, 437 
earthquake prediction 
2-37 
hot water wells 2-355 
sanitation 2-179 
Wernicke's syndrome (med.) 
5-428 
West, Comet 1-157; illus. 
1-149 
Westar (communications satel- 
lite) 1-272 
West Australian Current 
(ocean current) 2-256 
Westerly (wind) 2-131 
Western ground snake (zool.) 
4-353 


Ford, Project (space 
exploration) 1-269 


West Wind Drift (ocean current) 
256 
Wet assay (metal.) 6-35 
Wet concentrating table see 
Shaking table 
WHALE (zool.) 5-50-60; 2-491; 
illus. 2-491 


Whalebone see Baleen 

aler shark see Bull shark 

Whate shark (fish) 4-304, 
332 

Whaling 2-411; 5-60; illus. 
5-56 fol. 

Wheat (bot.), illus. 4-68 

Wheat-barberry rust (bot.) 
4--50 

Wheatear (bird), illus. 4-434 

Wheel and axle (mach.) 3-158; 
illus. 3-189 

Wheeler, John (Amer. sci.) 
1-242, 244 

Whelk (zool.) 4-223 

Whipple, Fred L. (Amer. 
astron.) 1-151 

dust cloud theory 2-5 

Whip-poor-will (bird) 4-405; 
illus. 4-405 

Whip snake (zool.) 4-349, 353, 
354 


Whirler (anat.) 5-177 

Whirligig beetle (insect) 4-279 

Whirlpool (oceanog.) 2-248 

Whirlpool galaxy (astron.), 
illus, 1-217 

Whispering gallery (arch.) 
1-378 


Whistling swan (bird) 4-420 


White, Edward H. (Amer. astro.) 
1-277 
White blood cell (anat.) 5-200, 
160, 198 
Whitecap (ocean wave) 2—239 
White dwarf star 1-78, 186, 
232, 241 
relative size, illus. 1-234 
White hole (astron.) 1-245 
White ibis (bird) 4-425; illus. 
4-425 
White light (phys.) 
spectrum 3-295, 335; illus. 
3-334 
White matter (anat.) 5-266, 270 
White mica (min.) 2-14 
White oak (tree) 4-171; illus. 
4-173 
White pelican (bird) 4—426 
White pine (tree) 4-166 
White stinkwood (tree) 4-170 
White-tailed deer (zool.) 2-493 
White whale see Beluga 
Whittle, Frank (Brit. eng.) 
6-119 
Whole wheat 
fiber 5-388 
Whooping crane (bird) 2—492; 
4-419 
Wide-angle lens (phot.) 6-244, 
246; illus. 6-243 
Wideroe, R. (Swiss phys.) 
6-359 
Wien, Wilhelm (Ger. phys.) 
3-250 
Wiener, Norbert (Amer. math.) 
6-370; illus. 6-373 
Wild boar (zool.) 5-112; illus. 
5-112 
Wild cherry (bot.) 3-480 
Wildebeest (zool.) 5-130 
WILDERNESS 2-475-82 
Wilderness Act of 1964 (U.S.) 
2-476 
WILD FOWL 4-391-96 
Wild goat (zool.), illus. 5-5 
Wildlife conservation 2-404 
Wild pig (zool.) 
fossils 4-489 
Wild rose (bot.), illus. 4-125, 
134 
Willamette River, Oreg., illus. 
2-465 
Willow (tree) 4—170; illus. 4-169 
bud, illus. 4-164 
Wilson, J. Tuzo (Can. geo- 
phys.), illus. 2-27 
Wilson cloud chamber 
cosmic rays 1-224, 226 
Wilson's phalarope (bird) 
4-418 
WIND 2-126-37; illus. 2-115 
caves, formation of 2-100 
erosion 2-425 


WIND (cont.) 
jet stream 1-99 
ocean currents 2-253 
ocean waves 2-237 
plant adaptation 4-137 
precipitation 2-156 
seashore, formation of 
2-203 
seed dispersal 4-120 
weather 2-114 fol. 
wind power as energy 
source, illus. 2-300 
Wind Cave, S.Dak. 2-94 
Wind-driven current (oceanog.) 
2-253, 255 
WIND EROSION 2-425-32 
Wind generator see Generator, 
Wind 
Wind generator, Small see 
Windmill 
Wind instrument (mus.) 3-277 
Windmill 2-352; illus. 2-349, 
350 
Windpipe see Trachea 
Wind tunnel (aero.) 6-129; illus. 
6-131 
Wind vane (instru.) 2-118 
Wine 
zymase 3-75 
Wing (aero.) 
lift 3-192; illus. 3-193 
Wing (anat.) 
beetle 4-278 
insect 4-253 
Winnipesaukee, Lake, N.H. 
2-199 
Winter (season) 1-102, 103 
clouds 2-148 
constellations 1-34; map 
1-31 
jet streams 2-110, 111, 132 
Winter monsoon (wind) 2-128 
Winter solstice (astron.) 1-24 
Wireworm (insect larva) 4-282 
Wiring, Electric 2-395 
Wisdom teeth (anat.) 5-246 
Witch-hazel (bot.), illus. 4-124 
Withdrawal from drugs 5-432 
Witt, G. (Ger. astron.) 1-159 
WMO see World Meteorological 
Organization 
Woehler, Friedrich (Ger. chem.) 
3-130 
Wolf (zool.) 5-70; 2-491; illus. 
5-6, 69 fol. 
dogs 3-464 
fossils 4-489 
Wolf, Max (Ger. sci.) 1-55, 159 
Wolflike jackal see Egyptian 
jackal 
Wolf spider (zool.) 4-244, 247 
Woltjer, Lodewyk (Amer. 
astron.) 1-239 
Wolverine (zool.) 5-86 


INDEX 


49! 


500 


Womb see Uterus 
Wombat (zool.) 5-23; illus. 
5-14 
Wood (bot.) 4-95, 96 
building material 6-22 
forestry 6-14 
polymerization 3-328 
trees 4-162 
Woodchuck (zool.) 5-38 
Woodcock (bird) 4-418 
Woodcreeper (bird) 4-428 
Wood duck (bird), illus. 4-422 
Wood flour 6-15 
WOODPECKER (bird) 
4-410-11; 2-492 
bill and tongue 3-477 
Wood-plastic 3-328 
Wood pulp 6-15, 20 
Woods Hole Oceanographic 
Institution, Mass. 2-250 
Wood's metal (alloy) 
melting point 3-206 
Woodwarbler (bird) 4-440 
Woody stem (bot.) 4-92 
Woolly bear (insect) see Tiger 
moth 
Woolly mammoth (paleon.) 
4-489 
Woolly wolf (zool.) 5-71 
Worden, Alfred A. (Amer. 
astro.) 1-278 
Word processing 6-152, 155 
Work (phys.) 3-6 


simple machines 3-154 fol. 


Worker ant (insect) 4—166 fol.; 
illus, 4-267 
Worker bee (insect) 4-272; 
illus. 4-271 
Worker termite (insect) 4—276; 
illus. 4-276 
World Calendar 1-173 
World Health Organization 
(WHO) 5-364 
definition of alcoholism 
5-425 
influenza monitoring net- 
work 5-454 
World Meteorological Organi- 
zation 2-123 
World Trade Center, N.Y.C., 
N.Y., illus. 2-295 
World Weather Watch 2-123 
World Wildlife Fund 2-481 
Worm (zool.) 
earthworms 4-227 
fossils 4-479, 480 
seashore 2-209, 214 


Worm lizard (zool.) 4-343; illus. 


4-344 
Worm snake (zool.) 4-350, 353 
Wren (bird) 4-432; illus. 4-451 
Wright, Orville and Wilbur 
(Amer. aviators, inv.) 
6-104; illus. 6-105 


INDEX 


Wroblewski, Z. von (Pol. sci.) 
6-328 
Wrought iron 6-41 
building material 6-23, 
24 
carbon content 6-42 
Wu, C. S. (Amer. phys.) 
parity law 3-346 
Wulfenite (min.), i//us. 2-38 
WWW see World Weather 
Watch 


X 


X-1 (rocket plane) 6-122 
X-15 (rocket plane) 6-123 
XE (rocket engine) 1-251 
Xenon (elem.) 3-45 
radioisotopes 3-327 
spectrogram of xenon gas, 
illus. 3-361 
Xerography (printing) 
6-238 


Xerophthalmia (med.) 
rats suffering from, illus. 
5-368 
Xerophyte (bot.) 4-141 
X-radiograph, illus. 6-348 
X RAY 6-342-49; 3-251; illus. 
3-249 
astronomy 1-174 
organ transplants 5-461 
space flights’ effects on 
astronauts 1-275 
stellar sources 1-244 
study of crystals 2-42; 
3-118 
uses 3-254 
X-ray absorptometry 6-347 
X-RAY ASTRONOMY 
1-174-78 
black holes 1-244 
X-ray diffraction 3-254 
X-ray microscope (instru.) 
6-311 
X-ray shadow microscopy 
6-311 
X-ray spectroscopy 6-347 
Xylem (bot.) 4-3, 64, 73; illus. 
4-63 
leaf 4-101 
root 4-90 
stem 4-94, 95 


Y 


Yale Observatory, CT 1-51 

Yang, C. N. (Amer. phys.) 3-346 

Yaw (right and left motion of 
spacecraft) 1-258 

Year (time period) 1-102, 168 
fol. 


Yeast (bot.) 4—47; illus. 4-47 
catalytic action 


Yeddo spruce (tree 
4-167 
Yegorov, Boris B. | 
naut) 1-277 

Yellow-bellied sea shake 
(zool.) 4-2 

Yellowhammey (t llus. 
4-440 

Yellowjacket (ins illus. 
4-275 

Yellow pine (tree) 4 € 

Yellow River, Chin 

flooding 2 

Yellowstone N 2 
Wyo. 2-26 477 
480 

Yerkes Observatory, Wis. 
1-44, 39 

Yew (tree) 4— 

Yolk sac (embryo! 
3-466; 5 llus. 
5-320, 321 

Young, John W astro.) 
1-277 fol llus. 
1-302 

Young, Leo C. (Amer. phys.) 
6-193 

Young, Thoma phy., 
phys.) 3— 3, 337 

Young's modulus (phys.) 
3-27 

Ytterbium (elem.) 3 

Yttrium (elem.) 3-4 

Yukawa, Hideki (Jap. phys.) 
1-228 


Z 


Zahniser, Howard (Amer. 
wilderness advocate) 
2-478 

Zambezi shark see Bull shark 

Z-boson (phys.) 3-319 

Zebra (zool.), illus. 5-7 

Zebra plant (bot.), i//us. 4-158 

Zeiss planetarium 1-55 fol. 

Zeldovich, Y. B. (Sov. phys.) 
1-243 

Zenith (astron.) 1-20 

Zeolite (min.) 

hard water treatment 
2-446 

Zeppelin (airship) 6-101 

Zeppelin, Count Ferdinand von 
(Ger. aero.) 6-101 

Zero-gravity 3-329 

Zero-sum game (math.) 1-425, 
426 

Zeta Aurigae (star) 1-194 


Zhoiobov, Vitaly (Sov. cosmo- 
naut) 1-279 
Zine (elem.) 3-45 
loys 6-40 
orrosion 3-152 
yanide process 6-34 
dry cell 3-150, 151 
enzymes 3-386 
galvanized 6-23 
metallurgy 6-36 
plants 4-73 
recovery from zinc oxide 
3-85 
steelmaking 6-53 
trace element in the human 
body 5-53 
Zine sulfide (chem.) 3-300 


Zinnia (bot.) illus. 4-110 


Zion National Park, Utah, illus. 


2-475 

Zirconium (elem.) 3-45 

Z number (phys.) see Atomic 
number 

Zodiac (astron.) 1-24 

Zodiacal light (atmospheric 
phenomenon) 
2-112 

Zond (spacecraft) 1-267 

Zone of audibility 
(acoustics) 3-265; illus. 
3-264 

Zone of silence (acoustics) 
3-264; 6-127; illus. 
3-264; 6-127, 128 


Zoology (sci.) 4-181 
See also Animal, Life of; 
Animal Kingdom; and 
names of animals and 
groups of animals 
Zsigmondy, R. (Ger. sci.) 3-109 
Zweig, George (Amer. phys.) 
3-321 
Zwicky, Fritz (Amer. astron.) 
1-222 
Zworykin, Viadimir K. (Russ.- 
Amer. inv.) 6-202 
Zygote (biol.) 3-459; 5-318 
Zymase (enzyme) 
wine production 3-75 
Zymogen granule (biochem.) 
3-388 
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